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IN CITIES AND ITS REDUCTION 
j 


Ca Be Presentep May 4 4, 1927 
paper directs attention to the great variations in n the of auto- 


"mobile ‘operation in the larger cities of the United States; 


a 
a variation is; derive es a Sheonepient formula. to account for it; apt the appli- 


; and discusses Cae 
“sions resulting from ‘the investigation, which show the great extent to which 


street hazard i is controllable by proper city and zoning measures. 


In taking first place among the causes of accidental deaths in this co country 
the has created a serious | accident problem. Its solution has been 


it is true, study highway sometimes, give it an important place 


in their design. City engineers have given ‘some attention to safe road sur- A 
faces, to ‘the improvement of especially dangerous corners, and other vech 
“details; but, from the broader standpoint of city planning, the problem of 
“tae accidents has received little attention, 
a Yet street safety i is certainly « one of the problems of the city planner. - Tt 
| is just as important that streets be safe as that they be ‘convenient. This is Me 


‘Tealized i in an abstract way, anc and the principle is applied in such obvious mat- 


held so so. Tittle place in the: minds of city planners ‘that no fundamental 


ters as grade separation at extra hazardous intersections 8; but street safety 


‘ining the extent to which it is ‘controlled | by the ‘characteristics 
a a city, and by what characteristics. 


- Failure to attempt such analysis has no doubt resulted from a general __ 
impression that personal factors, such as effectiveness of police | control of 

traffic, , carefulness of pedestrians, and average driving skill, together with» a 


- Variations in the ratio of automobiles to population, account for such differ- be 4 


Nore.- —This paper is issued before the date set for presentation and discussion. Corre- 

¥ ‘8pondence is invited and may be sent by mail to the Secretary. Discussion on the paper © 
closed in August, 1927, and, when finally closed, the paper, with discussion 
iste. Eng. Mechanics, Sheffield Scientific School, Yale Univ., New Haven, 


a 


4 

4 

| 

| 

ngs, 

— 
4 
| 
6 
- 
q 
4 

4 


HAZARD AND ITS REDUCTION 


erroneous idea, in turn, “no rests on a general lack of ledge 


the ‘tremendous variation in that hazard between cities of the same size, a 
variation so great and of such nature as to be accounted for only on : basis 

of controlling physical differences in the cities themselves tather by 


what it of its: sause 


primary purpose of Gis paper, is to find ‘this cause. 


ACCIDENT REQUENCIES IN VaRIOUS CITIES 


The average driver of a private passenger automobile i in ew You, 
probably injure (or possibly kill) some one with his” automobile about 
once in six years. an ‘operator g goes: eight years without such an accident 


- either he « drives ] less than the average, or he i is an unusually. good driver or is | 


exceptionally lucky. In Indianapolis, Ind., however, on the basis of = 
_ conditions, the driver of a private passenger ear who i is responsible for more 


than one personal injury accident in his entire lifetime of ener is below. 
skill, or than the is attended with» 


e records 


“bility insurance policies (covering injury written in 1922 


“ on private passenger cars by a large group of insurance carriers in New York 
BLE 


City, 16.6 accidents. involving personal injury claims resulted. For every 100 
_ such policies written in Indianapolis, Ind., in 1922, only 2.7 such accidents — 
resulted. Most other large cities fall between these two extremes. Tn Buffalo, 


®. -Y., there were 9.6 accidents; in Chicago, Il, 6. 6; and i in Detroit, Mich. i | 

wy will be shown subsequently that the rate charged for this insurance | 


- in any large city is 3 80 established that it may be accepted as a a fair criterion 5 
of the personal injury hazard of operation of a private ‘passenger automobile. 
a Consequently, the variation in rates from city to city measures the variation — 


in driving hazard. Table shows this variation in rates: (and in hazard) 

Throughout this paper the expressions, “automobile hazard” and “hazard 


automobile operation”, unless otherwise specifically noted, mean the hazard 
to which an individual automobile operator is subject, of inflicting injury 

s on some one with his automobile. It does not mean the hazard of injury # 


which the 2 operator himself ora pedestrian is subject. It is ‘the hazard 


The automobile accident situation has become so serious in practically every 


1922 policy year experience, National of Casualty and Surety Underwriters, 
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Papers. MOBIL! “HAZARD AND ITs 
city as to. obscure. this fact. dey Thee differences, however, are of tremendous 
importance; the e annual cost of publie liability insurance for all the automo- 
piles i in New York City would be in excess of $75 000000. This may be taken. = 
as les less rather than more than the economic loss from personal injuries from 
automobile : accidents, as the administrative cost of handling this business, 
which of & course is included in the rates | charged, is offset by the facts that, 
ina collision between two “automobiles, this insurance covers the injuries 
ba ‘sustained by only one of the e parties to ‘the a accident, and that | in a collision ey 
between an automobile anc and a pedestrian. (if contributory negligence on the 
part of the pedestrian is shown) the pedestrian is: likely to receive little or 4 
indemnification for his i injuries. Therefore, accepting the cost of insurance 
‘as the economic loss (from personal i injuries s only) » the annual cost of these a ; 
New York (City 3 is at least $75, 000 000. Tt the hazard i in New ‘York were ‘the -s | 
r year, a the r¢ resulting say ing would be about $47 000 000. 4 


TABL Pustic Insurance IN PEncen aces 


Buffalo, N. Y 


Cleveland. Ohio 6 


‘See * Based on 1924 Manual of Automobile In pcs: ance, National Bureau of were rf and y 


f° 


Investigation of this hazard variation a view of determining why it an 
- exists and whether it must necessarily exist is, therefore, worth while. A super- - 4 


pty examination of rates shows no necessary reason for ‘its | existence. It can rt 
: be noted that rates are generally higher i in large than in small cities; $ hie - 
in the East and North than in the ‘West. and South; and higher in old me. 


q ie There are so many exceptions, however, to each of these rules as to make : 
it apparent that none of them controls the hazard. vo the hazard is gr eater 


‘in large, old, Eastern cities, it is is not because of their size, age, or geographical J 
location, but rather because of some other factor which usually, but far from i 
inv ariably, accompanies size, age, and certain geographical locations. 

problem, then, is to discover what this unknown controlling factor 3 eatin 33 aim 


Before attempting the solution, however, the validity of the standard 
selected for measuring hazard variation will be explained briefly. In discus- 


sions of the automobile problem 1 the automobile death rate in terms of ‘popula- — 

tion is s usually invoked - to show the seriousness of the situation; and, nena 
erly, because this seriousness bears. a relationship to “the proportion. of the 
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AUTOMOBILE HAZ ARD AND ITs REDUCTION | 
killed, rather than to the number of ‘automobiles 1 which’ did ‘the 


killing. In discussing the death rate is s what it is, however, ‘the ratio “ 
au 


fatalities in Proportion to New Yo rk, with one car 
fifteen Persons. What is not necessarily expected is that New York, instead 
4 as Los” nails should hae’ one-half as many; in other words, that the death 

- rate per automobile should be three times as great in New York as in Los 

‘This. is a “significant fact in the problem. Automobile: use will ‘continue 
doubtless will increase. Improvement will not come about by reduction 


” of the number of automobiles in use, but by reduction of the damage attrib 
utable to each’ automobile. Anything that decreases the hazard created by 


h automobile will decrease the total automobile hazard. Hence, the 
vidual: automobile and the hazard created by the individual automobile are 


the starting points, and hazard variation must be correlated with r registration 
automobiles rather than with population. it 


On this basis, the first 1 measure of hazard which « comes to mind i is th the ratio 


automobile fatalities to automobile 1 registrations; but the proportion of acci- 
dents that result fatally is small, and is not uniform between cities. Data 
from some localities indicate as many as four or five fatalities per hundred 3 


| personal injury automobile accidents, ‘whereas other localities apparently have 
only two or three | fatalities from a hundred such accidents.’ * Also, for all but 


iit. 
's the very lars gest cities, automobile fatalities are not so numerous as to furnish — 
fatality r rates comparatively una unaffected by chance, ‘and in| consequence 


variations occur from year to year. _ Further still, reliable figures for rena i 


mobile registrations in cities are largely these reasons, fatality > 
rates” are not available as a measure hazard automobile 


accurate ‘index, and practically ‘the insurance com- 


panies are y agencies which deal with automobile « accidents, both ‘fatal 


~ B 


7, because no 
one insurance policy ¢ covers ‘3 the entire Tt is, howere, the best index 


car is stil different from that created by ai an eportticiriss car; or at t least 


“that the difference in hazard created by the two classes of cars varies mate- 
tially between cities. Although separate policies are written to cover the per- 
| sonal injuries and the property damage resulting from automobile accidents, 


__. * Report of Committee on Statistics, ‘First National Conference | on Street and Highway 
‘Safety, p. 11. The great deviations between the ratios given for different cities (from 
_ slightly more than one fatality per hundred injuries to six fatalities per hundred injuries) are 
: doubt, as noted in the report, largely due to differences as between cities in definitions of | 
an “injury” and in methods of reporting accidents, but must also | reflect" consiierable differ- 


ences in the ratios. 
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if are e accepted as the index, they will broaden 


a he scope to to include the hazard of all personal injuries of any moment, whether : 
fatal or not. Such injuries constitute the bulk of the automobile problem. 7 wl 
_ These rates, as applied to private passenger cars, were used in Table 1. pale: 7 + 


a “Public liability” i insurance is an automobile owner’s insurance against 


legal liability for personal injuries which n may result from of his 
insured car. 
automobile, rate- making has ‘reached a high degree of of a accuracy, so that now 


the public liability insurance rate of a large city may be . considered ‘a satis- 
ome measures of the legal liability hazard which | automobile operation in 


— 
o Fh 


that city entails. _ Subsequently it will b be shown that the total chance 0 of in- 
Sati personal injury (whether the injury results in legal liability or or not) 


“Viability i insurance rates (Table 1) ‘also m measures ‘the in n the chance 
of injuring some one while driving a an automobile. oF 
Rates for this insurance are promulgated annually by a bureau main- 


tained for this purpose by about thirty of the leading stock casualty i insur-_ 1,’ 2 


a ce companies. Each member company furnishes this bureau with its loss. a 
~ experience, and in this way a sufficient body of experience to serve as a reliable 
guide is accumulated. Practically all automobile Tiability "insurance written 
Ps the United States is based on rates established by this bureau. .. 
bs For establishment of these rates, the country is divided into 251 terr 
tories (consisting each of a large city and its closest suburbs) or territoria . 
groups ‘(consisting each of several small cities or several counties). For each 
of these territories or groups ‘separate loss experience is secured. In some 
cases the volume of exposure of a territory or group is not large 


_ to be fairly indicative, and further combination i is necessitated. A: However, for 


f of the larger ci cities, say, of 200 000 0 population and d more) rates: are re calculated 


k from the community’s individual data and are in consequence a reflection of 


dys ‘The method of establishing the rates on private car cars is as follows :* ad 
aie of cars insured in the community - during each of the three preceding 


Years is ascertained, and also the losses incurred in each of these years as indem- 
nities for accidents attributable to the insured cars. Dividing the the losses for 


each y year by the number of cars insured, and averaging the three resulti : 
Muotients, gives the average loss. per car or ‘ ‘pure premium”. ‘This’ average 
} “Sure premium” i is weighted | by a fixed percentage to cover the administrative 


: cost of ‘the business and the average rate is thus determined for each | c 
| or group For p purposes s of business administration these ¢ group 


- then combined into a much smaller number of “rate territories”, in each of 

a Pre the rate is the average of the rates of the groups included in that 


“tate territory”. units: comprising any given territory may be wi widely 


*¥For a full discussion of this subject see ‘“‘Automobile Rate-Making,” by P. Stell- 
wa 
gen, Casualty Actuarial | Soe., Vol. Pt. 2. 2. 
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country, ary, but the average 2 rate assessed against all | localities 


hich are placed in n any one rate. territory is. within a very few p per cent. 
of the rate determined individually for each group placed in that territory. 
‘Sixteen Gin 1924 and 1925) average public liability r rates for ee passenger 


United States. Finally, by another set of calculations differentials are ob- 


4 tained which are applied to. the average rate to give the actual listed rate fo 


= 


Thus, the variation in Tiability ‘rates for Passenger cars, 


of ‘the public. liability for insured cars. "There is no reason to 
“believe that the hazard of operation of uninsured cars is ‘materially | different 
q from that of insured cars; the variation of rates from city to city fe for commer- - 


cial car cars and ‘public vehicles i is s nearly the same as for private passenger cars; 

and private passenger cars very largely predominate in every city. For these 

_ reasons the variation of rates for private passenger cars (Table dD may be 
taken to indicate the variation in in public liability hazard of all. automobile 


, then, is the reason for tl this great ‘variation, and what is the deter- 


‘minant of a hazard that varies so widely from one city to another 

-TuroreticaL Dertv: TION or F A ‘Variation 


<ieet For purposes: of analysis, imagine a ci in which traffic, both vehicular 
and pedestrian, i is ‘distributed ‘uniformly over r the entire street mileage, 


in which automobile. accidents except collisions of automo-— 
biles with other automobiles and with pedestrians; in which all automobiles 
or 
are of ti the same type, and : are » the only vehicles i in use; ; and i in which the per- 


centage of automobiles in use at any given time is the same as the pereentage 
the population the streets as pedestrians at that same time. ime. 


Let H = the hazard that results from the annual | use in this city of al 
if 


ifs “average automobile (average i in to total annual mileage, 
parce maintenance, and driving skill). viltesd 


a ag h= the hazard that results from m operation o of this automobile through 
a unit distance. ul 4) 5.9 bonuses af ty 
hqandhy = the components of this hazard that relate to collisions with other 


Let M =. the street mileage of the city. wean ont 


population of the city. 
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every time a n automobile passes ‘a pedestrian or another. automobile, 
there is danger of a collision, obviously, h, xpandh ar 
k, and k, being constants. vow 


w= 4, (and it will be shown that from. a public liability s sta dpoint for 


relation f automobile hazard phycieal surroundings. 
“This variation is rationally deduced and should express accurately a be 


| 

g that a = w) the elements of the public liability hazard of automobile 

operation n the hypothetical city. does not necessarily follow that it it 


accurately. expresses the elements determining the hazard of operation 
Cities of the United States, because assumptions were made i in the derivation © _ 


of the formula which do not hold true, and the effect of these untrue 
ions on the applicability. of the formula is problematical. Gb iy 
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Test oF VALIDITY OF THE FoRMULA 
There is, however, the means of testing what this effect is, to 


it ‘invalidates applicability « of the formula to American cities. The actual 
variation in hazard from one city to another is known from enamine rates, 


kh has been shown that this variation covers a very wide range and that it is 
independent of the size, age, or geographical location of cities. — The variation 
s also not caused by ‘automobile congestion or by ‘differences in the effective 


These possible causes of the variation ¢ can be quickly ly eliminated. fc ‘Its auto- 


mobile’ congestion determined hazard, New York, with a hazard four and 
one- -half times that of Los Angeles, would to have a vehicular « conges- 
tion four and one- half times , .as great, 1 not only int the center of the city, | but 


in residential districts as well. — De, This i is not true. In fact, some cities in 
which automobile use is most sili: are those in which the hazard is least. 


cities having the most traffic regulation, as, for ‘en: 
in States embraced ‘in the Eastern Conference of Motor Vehicle Admin- | 
‘istrators, often. show the highest, the lowest, hazards. If. excellence of 


_ traffic regulation determined hazard, the y weilaitiee would be in many respects” 
; just the reverse of what it Is now. - This i is true b because good traffic regulation 


usually ‘the outgrowth of high hazard—of conditions so that 


i On the other hand, ‘if this hazard varia 1 can be esos for on the 


does set forth the. determinants of public liability hazard. 


comparison of the vustation calculated from the formula. with the actual 
variation as known from insurance rates, reveals” discrepancies, these dis- 
cre 


epancies may serve to define the limitations of the formula or to indi- 
= modifications that must be made before it will ill be applicable to | 


One ‘such modification of the formula is necessary before this ec comparison 


of the calculated and actual variations | can be attempted. deriving 


c formula it was assumed that all streets of the > hypothetical city were paved. 
In actual cities this i is n not true—the 1 ratio of unpaved to o paved mileage \ varies F 
_ between wide limits. Ih- applying the formula it is not fair wholly to dis- 


By cr this unpaved mileage, nor should it be included a at its face value. 
a typical city” in which the unpaved mileage makes up 25 or 80% of the 


halt the unpav ved streets are largely o on the outskirts of the city, where perhaps ¥ 


the majority of lots are vacant and the streets do not carry the traffic that . 


OF 
would war rant their being paved. ‘Hence, in including them with “pay ed mile- 


they should be weighted at much less than unity ‘to indicate their 
lower mile-for-mile value i in distrib ting traffic and population. 
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for each mile of a portion of unpaved streets will 


be in outlying, partly developed areas, but a part will also be in built-up — 

districts and will carry” almost as much local traffic a as they would. 
beory These latter streets should be included with paved streets at not much © 
less than their face value, or if both these classes of unpaved streets be lumped fp 
together (as must be done, practically) ¢ a higher. - coefficient ‘should be used a 
to express their average weighted » value than was used for the typical city “a 


which paved mileage exceeds the unpaved. This principle can expressed 


In determining the value M in the expression, “4 paved street 
mileage should be counted at its full face value, ‘whereas unpaved street m mile-_ 
age. should be m ultiplied by a a coefficient less than o one, this coeflicient increas: . 


‘ing, at a slowly decreasing rate, with» the increase ase the ratio of — 


streets 1 to total street t milea re, 


COEFFICIENTS TO BE USED IN WEIGHTING MILEAGES 


3 HANpuine OF Warer- ‘Bounp Macapam REETS 


ele 


rer 


In soning the _prineiple weighting unpaved mileage at less than 


ing is paling sufficient to improved p paving. 


Ins a few instances, however, the mileage of water-bound macadam streets is _ 
80 great as to lead to a belief that it is continued in use on streets which : 
ave reached their full (usually residential) development. In th this paper, 
therefore, the term “paved streets” is restricted to include only types es of paving 7% 
- better than water- bound macadam, except where the mileage of water-bound 


“Macadam ex exceeds that of the better types. In such cities R. I. 
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* Table 2 shows in accordance with these 
a ll cities in the United States of 200 000 population and more (except Newark 
am J jersey City, ‘NJ. » which will be discussed later) for which the writer has 


data. These 1 tmileages will be used for aad 


TABLE MILEAcEs OF OF 200 000 PopuLaTion AND M 


unpaved 


d 
eage. 


tio, 


Akron, Ohio. 
= Baltimore, Md 
Boston, Mass 
4 Buffalo, N.Y 
Chicago, 
Cincinnati, Ohio... 
Cleveland, Ohio 
Columbus, Onio 
Denver, Colo 
Detroit, Mich 
Indianapolis, Ind 
isvilie, Ry. Calif 
Louisville, K 
Milwaukee, 
{Minneapolis and St. ‘Paul, 
New Orleans, La 
**New York, N. Y 
Omaha, Nebr.... 
Philadelphia, Pa 
& Pittsburgh, Pa.. 
Portland, Ore.. 


il 


mileage 


coefficient. 
unpaved 
total 


mileage.t 
Ra 


weighted 
mileage,* 


Weighted 
Weighted 


| 


Unpaved 
Adjusted 


Unpaved 


= 
ay 


m 


Paved 
mileage. 


Total 
= 


mileage. 


m 


me 


3 


1D 


al 


| 


Or 00-3 


2 


Toledo, Ohio...... 
Washington, D.C.. 


wow 


* The writer requested mileage figures as of January 1, 1922 (since the hazard varia-— 
_— tion discussed in this paper is based on 1924 rates, which best reflect 1922 conditions), but, 
_ in some instances, they were, furnished as of later dates. Adjustment to January 1, 1922 | 
as follows: Make deductions from the weighted mileage at the rate of 6% of the veel * 


unpaved mileage per annum, whichever figure is the smaller, 


{7 Mileages as of the following dates: May 7, 1924, New Orleans; January 1, 1924, Chicago, 
ochesier, Columbus, and Omaha; January 1 1923, Baltimore and Denver ; September 1, 
1922, Louisville ; July 1, 1922, Los Angeles and Washington ; January - 1922, in all other 


that they were entitled to such 
|| Includes the Cities of Brookline, Cambridge, Chelsea, Everett, Malden, and Somerville 


which are included in Boston insurance territory. hal 
Minneapolis and St. Paul form one insurance territory. 


< Py ** Excludes Staten Island, which is not included in New York ad insurance territory. | Doe 
Includes of Pawtucket, L, which bi included in Providence 


Wer 
(except for x Philadelphia 
were e secured, if from engineering departments; “ting 
z this, from municipal reference libraries or other official sources. Paved m mile- 
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| 224 | 0.40 0.26 5 279 
300 6191 | 0.88 035 < | 
510 | 271 | 0.85 0.338 | 89 | 599 
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ages: ewe Philadelphia ‘and Pittsburgh are based on Circular No. 9, 
the Asphalt Association, New York City, and. are stated to come from lintel 
sources ; figures include only paved mileage as defined i in this paper, and are a 


of Je anuary ZH 1923; to conv ert. these figures 1 to. weighted mileage as of Jan- 
1, 1922, we: arbitrarily increased by one- 


VALUES OF a AND OF w 
however, to justify the ‘assumption made in deriving the 


the Ux United States. The symbol, a, represents the “average number of oceu- 
Ng pants of each automobile i in use. . A traffic census taken k y the writer in San 


Diego, Calif. , in 1925, showed the average number of o s of all types 
nsus taken at the 
same time in showed a an 1 average of 2 of 2. 0. Apparently, it ea can be 
with little error that in any city the average ge number of occupants is” 


“not far from 2, and this value will be used for a. Be th 


h. 


P 


= of these two types of ‘collision. | Investigation of about 1500 accidents shows 
practically the same public liability resulting a collision between two 


"automobiles as as from a 2 collision between ar an | automobile and | a a pedestrian. This 


on their relative frequency, « or, 


the of collisions between two 


‘pedestrian depends jointly on the relative severity and the relative frequency 


any 
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in whaek, fa and fp, represent the two frequencies. E quating the two 


. 
a 


Ja 
The next step is to consider the relative frequency, - , of collisions be- 


on een two automobiles | and collisions of an automobile with a pedestrian. 


ke a city in which all travel was by automobile, obviously a all accidents would . 


be collisions between two automobiles (assuming the types: of col- 


lisions- here dealt with) ar and the ratio, ' would be infinity. si a city with 


very few automobiles i in proportion to the population, practically all accidents 


would be collisions with pedestrians, and the value of the ratio would approach 


zero. - Hence, if the abscissas of a set of co-ordinates represent values of | 


ordinates values of the ratio, this ratio will | 
axis at plus infinity, and to the x- -axis 


at plus: infinity. ‘Reliable data ‘for the determination of intermediate points 
are lacking, as such data involve not only complete reports of both fatal and 


non-fatal ‘personal i injury accidents 0 ver a considerable to 


ratio, - but also accurate figures for automobile eateblich 


the ratio, is difficult to trustworthy figures covering all these 


qui 


juantities in any one city. . The writer has secured 1 what appear to be. fairly | 


“reliable figures for voor, ratios of —, which are probably about 
38. 0, 6. 2, and 14.0. These points are plotted on Fig. 2 a ‘Ge Fig. 2 is drawn 


a also a a | hyperbolic curve such that any ordinate multiplied by its corresponding 


sa (that i: = xX the product | being the quantity, gives a value 


; This curve fits the three plotted points (both co-ordinates to which, ‘it. 


om 
ee will be recalled, are of somewhat doubtful accuracy) with sufficient exactness 


to permit the acceptance of 2 as the approximate value of w. This is espe- z 


cially true | as ‘the quantity, R, in the expression, 


- * These registrations, moreover, must be accurately divided into private passenger, com- 
x mercial, and public passenger vehicles, since these latter two classes carry higher average — 
rates than the first. Since P is much greater than R and since the ratio of ———— 
private passenger cars” to “actual private ‘passenger cars” is about the same for most cities, 
this refinement can be neglected in the main formula without introducing errors greater than 
= or 2 per cent. It cannot, however, be omitted in the determination of w without —, 


lm} 
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is: so much smaller than P fine mos st cit 


cit 


ties that a considerable error in the 


value of the coefficient « of R has a | comparatively small effect on the value 0 of H. | 


Within the limits of exactness atfempted this paper, then, it may be 
assumed that w =2, and, hence, that a = w. The expression, 


thus reduces to H « 


Value of w 


i 


see 


= 


2. —VALUES or J (RELATIVE OF TO AUTOMOBIL ES AND 
PEDESTRIANS) AND OF 


x= w) FOR Various RATIOS OF — 


Te: “AcruaL” anp “C CALouLATED” Hazara Variations 


as calculated from the formula. with the actual variation shown by insurance 


tates, Table 3 shows these variations for all the cities included in Table 2. 


7 .. Proceeding v with the comparison of the variation in 1 public lability hazard 7 


; he Chicago rate is taken as the base, as percentages of which the other rates 
; are shown. ‘The population, P, (Column (2) ) is from the the Census Bureau 


nt The va: variation shown by i insurance rates (Column (6) i in Table. 3) will here- 


| ther be referred to as the “actual variation” in hazard, and the rate of ony 


‘ ity” (expressed as a percentage of the Chicago | rate) will be termed its actual - 

hazard. from H (Column (5) in 


Table 3) will hereafter be referred 1 to as ‘the a ‘calculated va variation” and 1 the 
_ hazard it shows for any city (expressed as a pereentage of the Chicago hazard) 


ill be termed the “calculated hazard” of that city. 
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ities entering into comparison, the two. ‘variations projected 
: against a a background proportional i in width to the populations | of the respective 


TABLE 3. —Cancuaren AND AcruaL IN Hazarp. 


h a a] o M nll nile, 

‘street | Calculated Actual 


P), in 


762 

tBoston, Mass........ —-1:150 
Buffalo, N. Y. 


Cincinnati, Ohio a 
Cleveland, Ohio 
Columbus, Ohio 
Denver, Colo 
Detroit, Mich g 4 
Los Angeles, Calif. 
4 Louisville, Ky 
Milwaukee, Wis..... 
§Minneapolis and St. 
Paul, Minn 


New Orleans, La 

New York. N. Y 
Philadelphia. Pa. 
Pittsburgh, Pa - 2 


As percentages of the value for Chicago. = | 
: + Loss experience for these two cities is ‘eentnel te get an indicative exposure ‘for 
_ determination of their insurance rate (the calculated ee for Akron alone would be 81 


*- i Includes the Cities of Brookline, Cambridge, Chelsea, Everett, “Malden, and Somerville, 


Minneapolis and St. Paul form one insurance territory. i}. i 
= || Exclusive of Staten Island, which is not included in New York City insurance territory. 


** Determined from local loss experience. combined with similar experience in 
cities near-by, owing to insufficient volume of local loss 


AGREEMEN —CiTIEs or Group 1 


cities included in Fig. 3. have been | divided into two groups. In 


Group 1, consisting of twenty-one cities nineteen rate-making units, the 


‘a average discrepancy be between actual and calculated hazards is 6 per cent. . C Con- 


‘ ‘sidering the seventeen cities (fifteen units) of the group for which the insur- 

-anee rate is based on individual (and for which it. is certain that 


— ‘mean deviation i is is only 5 per cent. . No one of heidi latter cities in a devia- 


a = of more > than 10%, except New York k City which shows | a deviation of 


in the ‘direction which would be anticipated from | topographical and 


other peculiarities of that city and that i insurance territo 


: 
| 
| wo | wo 
109 
} 
4 
J 
4 
= 


“Any i inaccuracies in the mileage figures will increase the mean 


1 
deviation | by more than 1 or 2%, if at all. As the ee H ounts 
for the hazard variation in three-fourths of the cities investigated, its appli-- 


~— eability | tot the av average city y of the United States under 


wont Pr ovid e CPP222222222 


Akron and vet 


Toledo 
SSN 


TABLE 


CIES IN 


these discrepancies is beyond the of this paper. The formula, H — 


| is applicable to actual cities only because the large number of factors which — 
| it fails to take into consideration seem usually to compensate : for one’ her. 


‘Where the e formula fails to apply, these factors fail to compensat perl = 


nt because of some one outstanding deviation from the average or ofa a number 
of minor variations all chancing to fall i in the same direction. ‘The deviations” 


* the c cases 8 of Washington and Baltimore, however, sug 


D. C. —Washington shows the 
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- Referring to Group 2 of six cities, these show discrepancies between actual — | 
wil % and calculated hazards ranging from 24% of the actual hazard for Portland, “A - 
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f is ‘the superior ‘planning ‘the city. This includes street layout, 

with widths of pavement, ‘its set t-back building lines, with | conse- 
quent good sight distances at. intersections, and its straight, continuous thor- 
oughfares, almost free from “bottle-necks” and well distributed | to carry the | 
“traffic of all sections of the city. - In addition, it includes the satisfactory dis 


trib ibution, of population which results from absence of slums and crowded 


ness of the city, the Federal pe In n short, Washington possesses 
er: system of streets well designed tc to carry the traffic which should result from a 


Ae good distribution of population and of business, and it possesses such a distri- 

bution. hile these possessions probably do no not entirely account for the 
favorable position of. Washington from a traffic hazard standpoint, ‘it seems” 
certain that they play a sufficient part to make evident their great value. ; 


Baltimore, Md. .—Baltimore, the remaining ‘ity in in Group 2 of Fig. is 
an old city, which although u up to the a average as regards adaptability of street 


layout: to traffic needs and as regards distribution of business and of ie: 
lation, i is not an “exceptional city from a planning ‘standpoint ; nor had it as 


a city prior to 1923 made outstanding efforts : for traffic: safety. x Nevertheless, 
it is subject to an actual then three-fourths that. calculated for it. 


IBLE OF Motor VEHICLE Laws 


however, was one of the pioneer States to recognize the respo 
sibility of the State in n safeguarding its citizens from reckless and — 
automobile operation. _ For a number of years it has had a law providing that 
no citizen shall operate an automobile within the State without an ‘operator’s 

to i conditioned on passage « of tests in driving ability and knowledge of 
traffic regulations; and also that the State Commissioner of Motor Vehicles 

shall be empowered to exercise a general supervision o over r automobile accident 
:onditions. Within ‘recent years ‘a number of States have enacted such laws. 
Such enactments, and vigorous administration under them, however, do not 

date back far enough to have affected 1922 conditions, except in Maryland, 


Connecticut, Massachusetts, and New J ersey. Hazard conditions in these— 


States may serve to show whether there is support for the suggestion which 


Baltimore conditions m make that such Jaws are effective i in reducing the hazard 
| No automobile operation below what it otherwise would be; and the extent 


_to which the expression, Ha oa which seems to hold good ‘generally as be 1 

tween cities without this special type of legislation, applies in 
States: with this type of legislation. a aeibant at 


cities in these States have populations of 200 or more for com- 


parison with those already studied . Connecticut has r no cities of this : size, but 7 
three cities with populations | of 100 000, or -more—Bridgeport, Hartford, 
and New Haven. These” cities have the same. insurance rate, derived from 


their combined Geese (compare Akron and Toledo i in Table 8). Since 7 
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comparison of both their and actual hazards. 

Similarly, ‘eight ci cities in Massachusetts with populations of | less than 
— 200 000 are combined into one or “More groups for determination of their = 
insuranee rate. writer is not advised whether this hazard is ‘determined 


_ from one grouping or several, but as all the cities have the same rate, it will 7 
in proper to consider them 1 in one group for comparison of their actual and « 
calculated hazards. These cities a1 are Fall River, - Haverhill, Lawrence, Lowell, 


Lynn, New Bedford, Springfield, and Worcester. Boston, of course, will be 


ee considered separately, as its actual hazard is d is different from that of the grouped a 


Baltimore i is the only city i in Maryland of sufficient size to warrant inves- 
Jersey has two ‘cities—Newark and Jersey ersey City—with populations 
a more ‘than 200000. These cities were not included in _ Tables 2 and 3, nor 
of the Metropolitan Area of New York City (U.S. Census Bureau classifica- 


i and this has a disturbing g influence | on their street hazard, which i is s thus — 


i in Fig. 3 because they are not their own metropolitan centers, but form _ 


somewhat indeterminate. This. effect results. principally from the fact that, | 
owing to the suburban location of these cities, the ratio. of daytime population | 
to resident population differs from that of the average > city. In the average — 


city there is an influx from surrounding. ‘suburban and rural areas every 


‘morning, which flows out again a at night, so that the daytime ( and hazard- 
producing) population is greater than the resident population. is _assumed 


‘that this influx is proportional to the populatio n of a city, in w which case * 
has effect on the expression H « This assumption apparently holds 
for cities which are their own nietropolitan centers, but in suburban 
1 


ance terr ories like Newark and Jersey City, the flow of population i is outwarc 


the: morning ai and back again night, so that i in them there is a smaller, 
instead of a larger, daytime than resident population. cau less_ con- 
gestion the streets and lower 


>... This effect is heightened in ‘such cities s, a 


fact ‘that all the suburban area about New York City is 
sections, each of which constitutes one insurance territory, although it may 
contain several cities. Thus, Jersey City territory contains Bayonne 


cities wil towns of Hudson County, and Newark ter 

contains Montclair, ‘Summit, the ‘Oranges, and other commuting centers. Seas 

contrary « effect to that just described results from through traffic, 
in and out of New York City and traversing these suburban areas. s, This adds» - 


to street ‘congestion i in these areas, and partly compensates for ‘the outflow of 
commuters. ‘The compensation is more complete i in 1d ersey City territory than 


in Newark territory, as the former is- less of ¢ a 2 commuting area, and, also, 
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effect of theese subur condit indeterminate, but that there 
care des such | an effect, and that it is greater j Newark territory than in the 


eater in th 
Jersey City territory should be kept in mind. 


shave as in States which in 1922 had the better type 
The street. mileages shown wh ave paved ‘and unpave ed mileages 
combined in accordance with principles set forth previously. The figures 
the larger cities are from local sources, usually engineer departments; those _ 
for the smaller cities are ‘usually from local sources, but are supplemented i in 7 
some instances by data from The Asphalt Association, with estimates of the 
a “mileage of unsurfaced ‘streets. The error in the mileage figures should in all | 
eases be Jess than 10 per cent. Hoboken, in Jersey City territory, and Irving- 
ton and Bloomfield, in ‘Newark territory, are omitted from Table 4 because of 
lack of mileage data. The population figures are from 1922 Census 
TABLE 4. CALCULATED anp Actual Hazarp Variations For CitiEs 1 IN q 


Conn Maryann, Massacnuserts, New JERSEY. 


BA 


_variation.* | variation.* 
ve 


altimore 08 
§Newark on’ Pa 


van As percentages of the value for Chicago. ; 
has} Includes Cities of Brookline, Cambridge , Chelsea, Everett, Malden, and esti 

_ $ Includes Bayonne, West Hoboken, and West York, which are included in Jersey city” 


Pee Includes Montclair, East Orange, Orange, West Orange, and Summit, which are ——— 


‘Table 4 shows calculated hazards co considerably ¢ greater than. the actual 
"hazards i in all eases. For the Connecticut cities, for Baltimore, and for the - 


smaller Massachusetts cities, the discrepancies between the ty two hazards are 28, 
a7, and 82%, respectivel y, of the calculated hazards. discrepancy | for 


rd 
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n ris 7 of the caleulated hazs hazard. for Jersey City, 31 31%, for 


noted the suburban location of Jersey City and Newark gives 
them unusual advantages in regard to the hazard of automobile operation, ; 
which have the e effect of making actual hazards perhaps 5% | lower i in J Jersey City 7 : 


and 1 10% lower i in Newark than they | would be if these cities were isolated. 

Making this allowance, the remaining discrepancies between their calculated 


and actual hazards become W% of the calculated hazards in both cases. Then, 
“ie all the cities or groups in Table 4, except Boston, _ approximately the same 
-diserepaney—about 28% of the respective calculated hazards— —can be 


- for « on the basis of a a beneficent influence exercised by their motor- vehicle laws. 


+i 


As this” discrepancy is so o nearly the same in all cases, the following conclu-- 


automobile operation is given en by t the expression, H «x — 


municipalities, cities i in States having, the 


The fact ‘that has a 


from a a street layout. Boston, by re reason 1 of ‘topog- 


"antithesis those from which Washington would seem 


therefore, , that Boston should have an actual hazard larger than its calculated 
hazard by perhaps 20 per cent. _ Instead it is 7% smaller. ‘This: discrepancy of __ 


27% is attributable to the State motor-vehicle law. Boston tends to 


confirm rather than to upset the conclusions just stated. 


The first conclusion supports what the first group of in Fig. 3 indi-_ 


cated, namely, that the great determinant of the public liability hazard result- 
ing from automobile operation is population density. Of the two ‘conclu- 
sions just stated, this is the _— impor tant from an « engineering » standpoint— 


The second conclusion—that a well- drawn and well- administered motor- 


vehicle law is capable of greatly 1 reducing this hazard—is of great importance, 
to every ‘motorist and to every citizen. a. It is of particular. importance to 


city r State officials, concerned. with accidents on streets and highways. 

Tt a interesting to note what this decrease in hazard means in terms of a 
ccording t to the National Automobile ‘Chamber of Commerce, the 
‘of automobiles in 1924 was 486 952 
passenger « ears and 83 626 commercial and public automobiles, _ the i increase in 


from 1922 to to being 48 cent. it is conservatively 


P. estimated that the increase in registrations from 1994 to 1996 was only 25%, 


_ the 1926 ciated will be 618 000 private passenger cars and 105 000 commercial | 
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- and public vehicles. The average private passenger ear public liability insu 
_. ance rate in Massachusetts is about $30. ay The average com mercial or public 


"vehicle rate is more than twice this, or at least $65. _ The cost of “public 


liability insurance in standard amounts for every automobile in the State 
for 1 1926 would thus be about $25 000 000. As has been ‘pointed out this. is 
less. rather than more than the economic loss from 
- injuries, es, which will approximate $25 000 000 for the y year. The automobile 
hazard level in Massachusetts cities has been shown to be only a bout 0.7 as high 
as the | level which would be anticipated for them. | z If this difference between 
actual and anticipated levels prevails throughout the State, the anticipated | 
7 ‘personal i injury loss. for the y year | - would be about $36 000 000, $11 000 000 more 
than i it actually i is. This $11 000 000 represents a saving from decrease in per- 
~ sonal injuries idle anil of course, is is accompanied by a saving from decrease 
in property damage from ‘automobile a accidents. a Placing this latter saving a at 
less than half as much, or $5. 000 0 000, which seems conservative, the annual 
in the State» is 000 000 less than would 


The ‘cost administration of this law is a bout $1000 


vATURAL ARIATION IN HAZARD 


. It may be said that — 


is the determinant of the ‘‘ natural” level of public 

_ liability hazard resulting from operation of an automobile, and that the v: varia- 

tion as between cities given by the expression, H « ——» is the ‘ natura 


variation in this hazard, that is, the variation that wot would obtain if al all cities. 
were on a par as regards street layout and methods of traffic nigel 


Transition Pustic LiaBiLity To PrrsonaL Insury Basis 
Up to this point discussion has been limited to public liability hazard, 
because of the lack of any reliable check on the applicability of a theoretical : 
{ 


fo ormula to actual hazard conditions except the variation from city to to city of 


has been shown these rates vary ary closely 7 
the public liability automobile operation, which, 


is accounted for by the expression, » aE This same variation, how ever, 


‘ "holds good not only as regards public liability hazard, but also for the | oo 


of all personal i injuries which automobile operation — may entail pias 


The: expression, H « —, was related | to public liability hazard; when in 


pa 


the value of it 1 ‘was ‘stated that as regards” public liability the 
a: average collision | between two automobiles i is of the same severity as the e average a 


collision an automobile and a pedestrian. 
> total personal i injuries inflicte y 
e car ‘not responsible, ‘upon 
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‘occupants: of the other, lei to be a total personal injury from a col- 


lision between two automobiles tends to be twice the public. liability. . In 
a collision between an automobile and a pedestrian, public liability | means 
legal liability of the motorist for injuries to the pedestrian. — If the accident 


‘resulted wholly from some fault « of the pedestrian, legal liability of the motor- 


ist does not exist; if it resulted from joint carelessness of both parties, the 
motorist’ s liability is at least curtai ed. 


&.. It is ‘impossible to determine 1 the proportion of collisions between auto- 
mobiles and pedestrians for which pedestrians are responsible. s 
| degree of responsibility is. given’ by the Massachusetts Registry of Motor 


Vehicles, which reports pedestrian liability as from 35 to 40% of all auto-- 
“mobile ‘accidents involving pedestrians. Similar ; reports from New York 
State indicate about 50% responsibility ; ; an and from New ‘York City (Police 

Department) and the State of Connecticut, , somewhat more e than 50 per cent. 7" 

‘Probably ‘one- -half, or or a little. less, of the personal injury to pedestrians 
by insured automobiles is indemnified. In other words, the eat: personal 
injury damage from such accidents tends, as ~ collisions between two > auto- 
~ mobiles, to be about twice the public liability. / Assuming: this, it follows that 

from either a public liability or a total personal injury standpoint, the two 

of collision of the same average severity, and the expression, 


"There are other automobile accidents in cities, such as of auto-— 
mobiles with trains and | electric > cars, with fixed objects, ete. . The total 
‘small, ho however, compared ¥ with the two great classes, collisions between auto- 
“mobiles a and of automobiles with pedestrians. Moreover, this small disturbing 
influence i is doubtless in such direction as to be counteracted by | any excess 
j (of which there i is probably a little) of liability of pedestrians for accidents 

involving them above what has been assumed for them. 
ik may be safely stated that the determinant of the total personal injury mM 
hazard which results from operation of an in any city given 

by the e expression, He in which, n is a fraction probably varying 


re as between ¢ cities, but always so small that t the \e quantity, n af, i is of neg- 
- ligible importance in comparison with P. - In other words, from the stan 
‘point either of ‘public | liability or or of call: personal injuries, the natural 
inant of hazard of automobile operation is simply the density 0 of populat ion, 
it being practically’ immaterial to a motorist from a pe nal injury hazard 
‘ eee whether this population, or the ‘proportion | of it using the streets 
at any time, is is encountered as pedestrians or i in automobiles. 


As regards automobile fatality hazard, however, this is not true. Under 


—unvarying methods ‘and efficiency of traffic control and of public education in| 


traffic and with no change in the ratio, a city a period 
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‘years, ars, there should be no o change in the injury 

operation. ‘Tf, however, during this period t! the ratio of automobiles to popu- 

_ lation i is ; increasing, the ratio of automobile fatalities to automobile re registra- _ 
tions should steadily decrease; that is, the fatality hazard of automobile oper- 5 
ation normally” decreases with an increase in in the number of ne. 


Deatu Rate per OnE THousAND AUTOMOBILES RecisTERED 


™ which, a= 2 and w= = 


equal to 2 for all ratios of other whatever the 


- motorization of the city, the second term of the numerator cancels, leaving the 


population de as ern f hazard. 
‘popu ation —., as the determinant of personal injury hazard 


vonsidering the fatality hazard, which may | ‘be termed, Hy », the 


P—@ R — wr R) dina’ mak): 


nia “4 F, and F, representing the numbers of motorists and pedestrians wanna in au 


iF or the ave city, a may be taibiim as 2, the expression thus becc oming 


or 


The expressic for t the variation of personal hazard could have be 
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1owever, as the of R relative to the increase of 
Ja (Rig. 2) tends to neutralize it giving the simpler form, H « 


io + for a given ratio 


as value as has’ the collision 


Thus, in 1922, the ratio of ‘collisions ‘between automobiles 
was apparently. greater than 1.0 Los” 


the ratio of to pedestrians killed, —* 


_ to have been as low as 8 0.33 or 0.25. _ Similarly, in in New Y York + City, ‘the ratio, | 


was about 0. 123 in 1 1922, and the ratio, was 0. The ratio, 


on — lower values than ~*, and its values increase much less rapidly than 


those of ¢ to from less highly to more e highly motorized cities. — ‘The increase in 


the first: factor of the numerator of the expression, 


is insufficient to counterbalance the decrease in the second factor as the et 


zation increases ; consequently, the fsa hazard decreases with increase in 


‘The formula for Hf is entirely theoretical and neglects the ¢ eff cts. of cha: chance 
‘ion other possible factors. ‘The importance . of these effects is indeterminate, 


“as it is impossible to ‘make a ‘satisfactory check of the fatality hazard ennilie. 
“ogainst the automobile death rate (as the personal injury hazard formula, 


—, was checked against the insurance rate). This is true because nl 


deaths occurring in n the ‘respective cities, irrespective the of 
rence of accident, and a high automobile fatality rate in a city - may indicate | 
good hospital facilities (attracting persons injured outside) a as much as bad 
traffic conditions ; there are apparently no figures for automobile 
trations: available for some cities, and, in other cities, the r registration ‘figures 3 
“appear to be of doubtful accuracy; and (c) figures are almost wholly lacking 
for the ratios of motorists killed to pedestrians killed, in the several cities. ~~ 

oa The great , fluctuation in the automobile fatality rate from year to 3 year in 
“most cities indicates that chance plays considerable part, as would be 
_ expected. This part may be even so great as to make it not ee pen to pi 
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account for the variation. in automobile fatality, rates between cities by means 
of formulas, ‘the writer suggests tl . the formula for. Hy as being apparently. mee 


applicable then any other that has come to his attention. 
N 
md principle that increase in motorization lowers the free hazard of © 


operation of each automobile, may be clearly” for- 


“ally deduced expression, 
= 
ree 
ch thes 


may may be noted that the 4 speed of traffic should have ess 
influence on personal injury hazard than on fatality hazard ; low speeds" 
to carelessness and many accidents of minor severity, whereas high speeds 


cause fewer accidents, but « of higher ‘individual severity, ‘the total severity 
being: much the sar same in both cases. applies ‘primarily to | cities in 
low speeds are caused by « extreme congestion, es 


in which high speeds" are made possible throu gh ‘special traffic 


"automobile; that is, to ‘the haserd as by the death rate 


per thousand automobiles registered. To express the variation in the auto- 


’ ae rate per 100 000 0 population, these formulas can be written : 
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w hich, , Hp p represents the automobile death: 100 000 ‘population. 
In these formulas, strictly speaking, R, except i in n the (P —2R), 


cars plus» the registrations of and public 

_ vehicles weighted in such a manner as to reflect the « excess of hazard which © - 
the latter create over that of the average private car. . This is a refinement 7 
difficult to apply and one be ‘invalidating 
principle | of the formulas. rmulas. 


From city planning and engineering» 


| be based on this study of street hazard. 


to Prevent Congestion. —The variation expressing the ‘Personal 
injury hazard of automobile operation as proportional to population density, 
adds a warning against | such degrees of or of eee as pre- 7 


in almost all older large cities. ‘This congestion will occur in newer 
cities and grow "still worse in old cities unless the tendency is checked by 


Aa en Since the desirability of ‘such zoning measures is evident from other con- 
_ siderations than n that of street safety, it might be said that this warning is 
unnecessary. This is hardly a sound argument, however, because anything 


which. may serve to show the danger of ‘population | congestion is worth while 


— 


:. from the standpoint of its influence on -_publie « opinion, on on which zon zoning meas- _ 


change the population density « of a a city is a slow process, however. 


4 attacks the hazard problem from a a preventive standpoint, but offers little cure 
for existing bad conditions. a The second conclusion relates t to such a a cure. _ 
"i Tr affic Segr egation. —From the derivation of H « it is seen that this 


good as as the determinant of because the 

measures, for’ average city, the frequency of crossings of the path ofan 


automobile by other automobiles and by pedestrians. In other words, diffusion 


of population leads to a decrease i in the number of possible collisions per unit 
distance of travel, and thereby reduces hazard. Any other measures which | 
do the same ‘should: likewise reduce hazard. Such measures a are to be found © 
a proper re ation of street 


ok “Traffic segregation” is ‘no new term, but is ordinarily, used i in a very lim- 


7 


sense to mean separation of slow- -moving from fast- -moving vehicular 


— traffic, “ke regards safety, this 1 is the least important of three forms of traffic : 
at 


The second form is the of right- angled streams alt vehicular 
traffic from one another at intersections. may be a Space segregation, 


is always pr present except when an ‘accident « occurs. Space segregation 
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“ing usually out of the question, the reduction | of collisions between auto- 


- mobiles rests largely or on a more certain time segregation. . As the majority 
collisions between automobiles i in the city occur at a 


llisio 


in any city is susceptible of such 

The ‘third and most important form ‘of traffic segregation, however, is 


given least attention. This form i is the segregation of of pedestrian from vehic- 


=) cular street. “use, and its importance in any community as compared with 
‘ vehicular, segregation at intersections is measured by the ratio of collisions 


~~ with pedestrians to collisions between automobiles. ‘Thus, in ‘New York City, 


the prevention of collisions with pedestrians is, from personal i injury stand- be 
ps at least five times as important as the prevention of collisions ‘icin Bisse 
~ automobiles, and as regards fatalities it is seven or eight times as important. 7 pe 
At present, about the only ‘special effort made to reduce accidents involv- 1 
m 


q pedestrians is through jay-walking” campaigns and educational work, 
a 7 Such campaigns are meeting wi with considerable e success, but the problem is - 
sufficiently serious to merit supplementing them by careful studies to see 


whether a better segregation of pedestrian and vehicular street u use travel. 
n not be accomplished. Although improved methods of ‘handling: traffic 
at street intersections greatly reduce the hazard of collisions between 
vehicles , they will have little effect. on collisions between automobiles” and 
pedestrians, only | a a small proportion of which occur at street intersections. 


= ma A complete segregation of pedestrian a and vehicular, traffic is not possible, 

would be undesirable because of the restrictions it ‘would place on street 
2: a or the great expense it would entail. — In practically any city, however, 9 tr 
.. a a much safer distribution of pedestrian and vehicular travel might be r realiz ed = 
small expense and with facilitation rather than restriction of traffic. he 
go ‘into d detailed methods of doing this is beyond the “scope of this a 

paper, but many y applications of the principle 1 may be discovered i in any city. 
4 ‘As most automobile collisions with pedestrians occur in 1 residential districts, @ 
- ‘particular ‘attention should be given to the segregation of pedestrian from | 
reas _ automobile traffic in those districts, as far as possible ‘through measures which § h 
will naturally drain the greatest proportion of automobile traffic 
ingly the great hazard from intermittent vehicular traffic through tenement : 


streets filled with playing children. ‘Under ‘such conditions, even elaborate 


_ Measures to bring about a better segregation of vehicles from pedestrians are 
justified. The roping off of “play streets” ial to vehicle u ‘use, in such areas, 


is the first step. The logical ‘supplement to this i is the provision of some means 

‘through which other near- -by streets may be kept clear, between curb lines, 0 

pedestrians (particularly of children at play) so that vehicles may pass through 
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“AUTOMOBILE 1 HAZARD 


Extreme conditions may even justify the « on of along the curb 


lines certain main traffic arteries through “congested tenement districts. bee 
"Such fenced streets would have to be provided with tunnels: or bridges for 


cross traffic at intervals. These would be of great v value from | a safety stand- 7 


point and might prove of little inconvenience if traffic were heavy in two. 
directions and light at ‘right | angles. ‘They ‘should always be supplement 
“play streets” or other, adequate | play areas. 


In 1 many cities where automobile hazard — are very bad, the reg regu- 
lation of traffic by police and ‘motor- vehicle departments s seems to be approach 


ing the limits of its effectiveness. Further improvement must apparently 
come largely from en engineering + mentneniiies- to insure a safer distribution of 
pedestrians and automobiles over the street system. Such measures imply 


better traffic segregation, ‘particularly of vehicles from pedestrians, and sec- 


_ ondarily of conflicting streams of vehicles at street intersections. A case in 
"point is: furnished by the railroad grade crossing, which for some reason 


attracts e excessive attention as a highway hazard, with a a consequence that 


money out of proportion | to the resulting benefits has been een devoted to this 


—idIt seems not to be generally ‘realized that the sore: spot in the traffic acci- 
ent situation is the crowded residential or tenement district, that for every 
erson killed or injured at a grade cro crossing, in the more urban States at least, 
en are killed or ‘injured i in the slums and near slums. 


Street Plan.—The third conclusion, of particular importance to the 
alll of cities, results primarily from the deviation from anticipated hazard _ 

the City of W ashington presents. The is that a well- planned 


“traffic thoroughfares, p particularly if supplemented oe measures that will bring 7 
_ about a good distribution of homes and business, will reduce street hazard far 


engineering means sof primis reduction are “supplemented by a fourth, 


equally important ‘not only to engineers, but to all citizens—that street traffic “a 


razard is responsive to proper efforts for increase in carefulness in street 


use by pedestrians and motorists. enactunent and ‘efficient administration 
of the type of State motor- vehicle law outlined in this ] paper may, and as expe- 
_ Hence has proved does, reduce street and highwa one hazards 25 to 30 per ium 
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- WATER SUPPLY FOR ARMY RAILWAYS IN FRANCE © 


By Pau M. LaBacu,* M. Am. Soc.C.E. 

history of water ‘supply development, principally for United | States 


‘railway transportation in the 1917- 


thee. follows a of the, “difficulties in 
water supply and distributing sy stems of several light traffic commercial 
into suitable installations for a ‘unified military ‘railway with very dense 


god n conclusion, an outline of the organization of forces used i in the work, 


is given, together with a discussion of recommendations for an organization 


which would aid in simplifying a and expediting similar 


One of the fundamental requirements for is 
- boiler | use. All division points where engines are turned or stored must have 

— small power plants and facilities for washing out, boilers. In addition there | 
must also be roadside stations between terminals so located that the locomotive 

tenders may be filled at suitable intervals, the intervals or spacing being largely ; 


‘governed by the 3 nature of the traffic as well as its density. _ Where through 
traffic only is handled the spacing may be longer than on lines carrying a 


large proportion of local freight which 1 requires stops and 


problem. Where 


“superheaters : are used with large tenders, a as in 1 modern practice, considerably | 
longer intervals may be economical for through traffic than was formerly on 


ai On most of the world’s steam railways the development of equipment for 

water to locomotives has been gradual. When railways, are first 
built the traffic i is usually light and the coal and water problem is not : a very 
serious one the aggregate, although neither can be neglected. As traffic 

increases, however, the size of both coal and water stations must also expand 
in proportion to the ton-miles per hour p per mile of single track. . Whether 


‘the interval between water stations must increase or decrease with ‘a. increase 


_  NOTE.—Written discussion on this paper will be closed in ‘August, 1927. When finally 
closed the paper, with discussion in full, will be published ¥: ‘Transactions. 


° Engr. Water Service, Rock Island Lines, Ill. 
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WATER SUPPLY FOR ARMY RAILWAYS FRANCE 


depends on local ‘conditions and, as mentioned, the design of the: 


used. The i ‘intervals for freight traffic are also. different from those 


which little i: in common 1 with read service 


In most railways have grown up gradually and 
_ there has been time to adjust coal and water facilities to the needs of the 7 
“moment. These needs are seldom static and frequent are taking place 


under: ordinary operating conditions. general term, = “operating condi- 
- tions”, covers a multitude of factors. - Without some actual practical knowledge _ = 
bs daily train movements over a considerable period of time little can be told 


as to the practicability of any specific s scheme of improvement. Other factors 
besides those stated enter into the subject of spacing, such as ie teiitaaiiia y of pa pas- 
senger ‘Stops, t telegraph offices, signal il blocks, passing sidings, grade. crossing; 


and adverse grades, ten! 


fuel problem, is not as exacting as that of water; 
 coaling stations can be placed farther apart and coal can be stored for use at 


af future time. It is seldom y practicable to store water for « a longer period than 
one day on account of the bulk and resultant tan nkage required. . The weight 


, of the coal used i is only about one-fifth that of the water. ~ Coal | can be stored 


in large quantities, hauled i in ordinary cars , and put at , convenient location for 


of American in the World War 
all coal was unloaded at the base ports by the different colliers, shipped to the 


7 points required, and unloaded in piles on . platforms from 1 which it was shov- | 


3 eled into the tenders. Although this is not the best economic method accord- Ye 
to Americar standards it was: effective. This has always been a common 


in 


In a well- watered ‘such as as the States 0 of New York and Penney 
vania, water ean be foun 
which be located to to conditions. The problem o 


finding a suitable supply is largely an economic one, unless the quality of 
the water is objectionable. In Western United States one railroad company 
» has to go more enw 100 miles for water 1 that is usable. Therefore, i in | using 7 


35.57) 


term, “water”, the word, should be also added when it is to be 


used for boiler. purposes. “Pure” in this sense has a special mean- 
a ing, best defined by the use of negatives. | Pure water will not cause pitting, 


corrosion, boiler scale, or foaming i in switch engines. 


| be difficult to persuade a soldier of the American Expeditionary 


i: Force that water was not always easily available i in large quantities in France, 
t but such was the case. The exclamation ofa returned soldier at a movie of 


- some event over there, taken in the rain a year or two after his return, was oo 


“Good Lord, it ain’t stopped raining yet! a In many minds this was and still | 


is is the popular idea of the French aenal 
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WATER SUPPLY FOR ARMY RAILWAYS IN 


France” lle sunny country ‘is usually an arid country. . Which statement is 
truet Both are true ina sense, depending £ on the season. There is a wet. 


varies 600 mm. in. to 1500 mm. “(59 in within the area of 
operations. Within the space of 100 km. (62 miles) the variation is from 7 700 


tion was pa won on an entirely separate source of supply. 
The ‘quantity was always governed by local ¢ conditions. climate 
4 also had to be considered, that is, the ratio of wet to to ary | seasons. The basis 


of ‘computation had to be the dry- weather yield, as that we ‘was the ‘period of 
; maximum effort ‘anticipated. ‘The geology and topography in the vicinity of 
any proposed station also frequently a ‘their share of difficulties t to 


gels roadside water s stations of the kind contemplated are practically of 


equal importance unless they : are close ‘enough } together fora . train to skip one. 


Ib this case there 1 was so little material for construction available that it 


impossible to make the more extensive installations, Sab 
The coal and water needed for the proposed traffic scheme were in direct 


“proportion to the tonnage to be hauled. This statement seems axiomatic, but 
the lack of appreciation of this fact was the e cause of much of the e failure o of 
i those not familiar with such matters to understand what t would happen | when a- 
~ double- track line was. given the maximum - tonnage it could carry y without ‘slow- 
: ‘ing down train 1 movement to take water. _ Thi his meant that the station spacing 


had to be as far apart as practicable and the supply adequate at all times. The 


channel - ports and the railroads north and east of Paris were reserved for the 
use of the British and French Armies. This left the Port of Brest and the 
_ -ports on the Bay of Biscay for the American Army. The Ports of Marseilles 


and Cette in the Mediterranean were in use for transportation to Africa and 
Rscd Orient. As the route from America was through Gibraltar where | the sub- 
marine hazard was very great, and also the distance much greater, these ports 


not much used. except i in special cases, ‘until the e western ports had become 


a At the beginning, the so-called American Sector centered o Toul although — 4 

ot ‘the American Army operated subsequently in many ‘other sections and had 


ie divisions a as far west as F Flanders on tl the British front. To bring the necessary 


into Sector rail was the object of the railroads herein dis- 
planned (Fig. 1) started at the base 
St. Nazaire and extended to Neufchateau and Epinal in ‘the Toul 


tare 


Area. In addition, it included the line from m m the Ports of i. Pallice and > 
oe which connected at Saumur with the first line, and also the line 

‘ 3 from Bordeaux to o Bourges. It will be noted (Fig. 1) that if the lines at the 

nee ase ports were congested | there would be a greater density in the line east 


Bourges. For this reason the Line of Communication, extending 
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Bourges Neufchateau by way « of Clamecy, was 
of Communication started at Tours and reached Neufchateau by way 
“of Orleans. Other main | lines leading eastwardly from Brest and northwardly — - 


A 


A 


ADVANCE 


First L Line | of 
| Communication 
Fourth Line of o} 


— Other | Main Lines 


Fic. 1. or ComMunrcaTION, A. E. F., NovEMBER, 
= The Fark Second, Third Lines of as contin- 
> 


uous in Fig. 1, are in reality composed of parts of secondary lines (except 


ws east from Brest and north from n Marseilles) of the four great | systems of F ‘rench — 
E- railways, ‘the Etat, Paris- Orleans, , Paris-Lyons- Mediterranean, and Est. The 7 
six railway systems’ of France are the Nord, Est, P.-O., Etat, P. L. M., and — 


Midi. | _ With the exception 0 of the Midi, which runs east and west in the south 


of France, all the systems: radiate from Paris. - The branches lie on « either 


‘Side of the main line so that the territory is divided into sectors with Paris 


as a hub. Paris, however, is not near the center of the country. a The First 


Aine: of ‘Communication with its general e east al and west direction i is of 
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“located for the Paris- train movement d were not with 
to the east and | west traffic. ‘This latter feature was of considerable importance 1 
pete be shown later. A comparatively, small increase in traffic on the Paris 7 


lines, which were already crowded, threatened to tie up proposed east and a 


With these considerations in mind it y was apparent that the new engine ? 
; terminals, yards, sidings, and water stations would have to be spaced for Amer- — 
ican traffic independently of such utilities as had already been built for the 


‘normal French transportation system. Tt was expected that the French. trains 
-. would continue to use the present teriatinal facilities, but that, on the Amer- : 
jean lines, they would use American stations. 


“ad fact that four different railway systems were to be used to 
complications. They had been developed independently and had dissimilar 
b practices. The Etat (Government owned | and operated) had antiquated equip- 


ment dating from about 1850. Hand pumps and windmills were im use. Dis- 


_tributing pipe lines, 4 in. in (approximated) diameter, were: in common use. 
a _ The P P.- 0. was more modern, but it also had some of these 4-in. . distributing 


mains, and none of its equipment was large enough for quick watering of loco- 
F motives. The P. L. M. was quite modern, and the Est probably came hela i 
s The water crane in use everywhere was of old design, whatever its siz size. . The 


_ engineer wi would stop the engine while the fireman adjusted the ‘spout at the 
tender manhole. The engineer ‘would then climb down to. the ground level 
turn on the water by opening a g gate- ‘valve with a wheel. Altogether the 


process was slow and the time necessary to fill the tend ‘was from 10. to 30 a 

io one of the four systems naturally had its own method | of handling 
call questions concerning g any chi changes in its property. Their r consent was was neces-— 
for matters: of large or small importance. After» permission had been 

given, the companies also to be kept informed as to the progress of 
work. This involved a large number of conferences with their r officials. Usu- 

ally a number of | their men were Present to pass on such points as ‘might 
arise. A knowledge. of colloquial French indispensable; to this had to be 
technical equivalents for engineering terms and special apparatus 
o be used, little. of which could be found in any published ngage ae 


é way to learn a a proper ‘name was — to point out the object to a French- ; 


= 


the beginning the of calculation had to be 


‘made from a more ‘oF inspection. This ‘showed, beginning at the 


of square miles, which ‘might “a ‘anything a ‘swamp or 


to ‘steep slopes with “impervious 5 soil . The rainfall might range from 


_ } tially built for permanent use. Where the east and west lines crossed the [fF 600 
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Papers.) WATER ‘SUPPLY FOR ARMY RAILWAYS IN FRANCE 
600 tol 500 mm. m. As time progr sed another variable was found; rain falls 
150 days a year on the west coast of France, whereas the average is only 55 
‘Marseilles. The change ‘is not uniform: the 


“ail the number of trains to be watered at each point. ~The 
60 Ib. ‘per soldier per day, landing at the base ports, was used. One-third of _* 
‘this would bet unloaded before the advance section was reached. From this 


"beginning, th the e freight to be moved was calculated. ‘The e evaporation curves | 
and horse-pow -power curves’ ‘were e then used to get a tonnage ‘rating of the Amer- 7 
locomotives on the F rench tr acks. The French profiles were in the metric 


units and the other figures in English units tis. A ter tentative tonnage rating was : 
a made and, fortunately, « a trial y was possible. ; ‘The actual tonnage was only 8% 7 


less than the theoretical rating made by the Engineer ‘Water Supply. The 
. number of French trains was known, so on each line ‘trains \ were e added, t to the — 
Re of ocerns was assumed as as being 1 train each way for each 
The accelerated growth o h of American participation ; in the ‘war was another 


variable i in the ‘problem, a as to quantities of water for tr ansportation : at different 


points. The problem would. usually be presented to the ‘Engineer Water ‘Sup- 
é ply in ‘this guise: How much water will be needed at a number of points 
(probably 25) when there are 500 000 soldiers France? How “much for 


0002 ‘much for 1500 000% These qu questions had the advantage of 
being easier to ask than to answer. There were unknown quantities 


4 The record shows that - the basis of 500 000 men in France was still being 
as late as May 6, 1918. ca car n be explained by the fact that ‘many ‘ 


of thos those in high command had doubts liad. large army would ever get 
across | the. Atlantic. | Published diaries of some of the officers in high command, . 


show this. very clearly; naturally the s same view, was reflected by subordinates. | . 
The “get- together” spirit e evolved by ‘Ludendorf’s drive in March, 1918, — 
‘resulted in an expansion of American ideas on the subject and larger figures 

than hitherto used were common. 1] ‘By July, 1918, 4000000 men in France 


July, 1919, was used as a basis by the Engineer Water ‘Supply. By November, © iG 
1918, 2000 000 men were already, there. 


rate of increase in the Army wee wee never officially ennounceds It 


be assumed by the person making» the estimate. 

“pace with these changing conditions ‘until at the lat the assumption was io . 
that, the Army would advance : as far ¢ as the Rhine e. (Fig 2, ) The rapid. re- 
treat of the German Army i in October, 1918, indicated that it would be n neves- an 
to move the the former broad-gauge rail: -heads from the places. they 
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SUPPLY FOR ARMY RAILWAYS IN FRANCE 
— 


Ress to procure all this ‘material well in advance of sin necessity for its” use. 
At this time also, information was collected and ¢ assembled, 


aia plans were » made for water stations « on the advanced li lines. T ‘The studies 7 
available sources were well advanced when the signing ‘of the: Armistice 


ut an end to the big army program. A few installations were re made in order: 


carry out the terms of that agreement. a 


Not un until o one year after the United States entered thie war was a 
_ ment organized that | was responsible for all water ‘supplies to be e us ed in th 


— 


Transportation Service. In April, 1918, the Department of Engineer of 


"Water Service, “under the Engineer of Construction, Transportation Service, 
| “was formed wi ith the writer (then Major), and H. Malcolm Pirnie, M. ‘io, 


Soe. C. E. (then Captain), as Engineer and Assistant Engineer of Water Sup-_ - 


‘The new Department was a good many laps: be behind the other departments = 
which» were fortunate in being able to make some preliminary | strides. before 7 


the rm rush began. _ However, the ie need f for water bial pease had not been 

omitted i in calculations for future needs. 
on _ Engineer Stores Requisition No. 6, prepared Suly 14, 1917, stands as the 


"keystone in the arch of important steps ey needed to carry out the 


_ Transportation Service program in France. This requisition ordered material — 


immediately for an army of 500 000 ten supply to be 


, this 


. "requisition v was to be increased i in proportion to any additions to the Army 
above 500 000 men. ‘During the seventeen months from the - time this requi- a 


' sen was made until the Armistice, when the proposed strength of the Army 


| 


i 
N 


had been increased eight times, this ‘requisition demonstrated the remarkable 
accuracy of its details.t true of large items as well as the smaller 


ones which included railroad water supply material. ae 


ae _ Researches show that, » apparently, this requisition is the first mention Sidi 
of a railroad water supply problem. For an army of 500 000: men, an initial 


sok of thirty 50 000- -gal. tanks and sixty water cranes was specified, with an 


supply of five tanks ten cranes each month. For an army of 


000, the monthly was to be increased to fifteen tanks and 
eae and 4.000 000 men called for forty tanks and eighty cranes each month. — 
If this material had arrived i in France according | to program, there would have r 


been. ‘no difficulty in building - proper water | service installations - up to and 


The Department was afterward augmented by the addition of F. D. Nash, M. Am. Soc. 
C. E. (then Lieutenant). During the entire’ period, Sergt. J. T. Brinkley maintained a corner > 
in a barracks called an office, with the aid (part of the time) of Private Thompson. Five was a 
a maximum force on this while to illness and other causes the average was about 


Wilgus, 


— — a 
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Fre rom J July, 1917, to “April, 1918, many changes were taking place in the 
"organization of the A. E. during which water supply, for transportation 


was 


was handled as a side issue in connection with: yards, docks , and terminals. 5 
The | Superintendent of | Motive Power, loonted at Nevers, in Central France, 
-made estimates of the quantity of | water needed for mechanical | | purposes. _ The 
location was made by the Engineer of Construction, Transportation Service, | b, 


C. Booz, M. Am. Soc. E. (then Colonel). i 
Ind anuary, 1918, the organization was a little more complete as as regards 


‘other work, but the Water Service w was still j in 1 confusion. ‘The Transportation 7 


of engineer ‘troops in France at that time for a division of 
sibilities. . The construction 1 was under tl the charge of the Chief ‘Engineer 
- i Office, Lines of Communication, « another technical division of General Head- 
~ quarters. 3 the head of the ‘Transportation Department, was the Director 


Bagines: of Construction. The last was responsible for water 
with other duties in connection with the transportation program. 7 _ However, 


r ‘under the Chief Engineer ‘Officer, Lines of ‘Communication, there was a De-_ 
of Water ‘Supply which planned and constructed water-works for 


hospitals, camps, and towns. vu nder the Engineer of Construction water sup: 


ply had only been considered i in connection 1 with certain definite projects hom 


ates Under the circumstances, the large development of future roadside water 


stations was u unknown and left for later consideration. . A division of th the 


| was then made between ‘the Director General of Transportation and 
the Chief Engineer Officer, Lines. of Communication, in _ which the responsi- 


bility, for the design and construction of supply for transportation 


giv en to the Chief Engineer Officer, 


ide Under this Tuling the Director General of Transportation wrote a letter 
a ‘to the Chief Engineer Officer, Lines of Communication, January 5, 1918, sub- 
“mitting plans of eight terminal projects. prepared by the Engineer 
Construction. This letter included estimates by the Superintendent of 


- Motive Power, as to water desired. In this letter is found a statement that 2 


a great influence on future inter- -department relations. 


 “3-—We would suggest for your approval that your Water Supply Depart- 
ment furnish all water requirements, piping same to the connection to al 
_ water tanks, and that we erect the tanks and provide all the piping from the 4 

tanks to the service outlets, such as water columns, ash pits, round-houses, etc. 
Such an arrangement will allow the one Water Supply Department to con- a 
sider connection with those of other branches of the 
to equate the existing or new sources of supplies to the total 
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Papers WATER: SUPPLY FOR ARMY RAILWAYS IN| FRANCE 


This was immediately agreed to and left the vine of Construction with 


15% of the railroad water supply systems planned were at points at 


which | there were no camps, hospitals, or other ‘army activities; hence, the 5 
reason for the division of authority did not hold except for the projects: then 7 a 
considered. However, this idea was expanded to include various other mat- 


ters and resulted in the duplication of investigations and calculations by 1 
ORGANIZATION OF Water SuPPLy DEPARTMENT FoR TRANSPORTATION pais) 
‘The Department of Engineer < of Water Supply was s organized April 4, a 
918. he The organizers and re-organizers had gotten to work and on March 12, 


+1918, 1 had given all the authority of the Director General of of Transporta-— 
tion to a Chief of Utilities who reported to the Commanding General, — 


of Supply, who, in turn, reported to the Commander-i in-Chief. 


st till retained the ioe to design, b but had ae control over construction. 1 Thus, | 


“4 


“systems the of and | Forestry had the authority 
to investigate and design the : supply systems for t which it was: to procure the 
material and construct the complete water stations. 


a. J uly, 1918, another radical change w was made by ary Oeil: No. 114, 


Service established in the same position it 
respect to design, but construction was vested i in the Department of Construc- 


tion and Forestry. General Order No. 29, Ss. 0.8, July 12, 1918, , announced 
the re- organization of the Office of the Chief Engineer Officer, A E. 


giving the Department “of Construction and Forestry as one of three ‘sub- 
divisions. The Director of Construction and Forestry then proceeded 1 to 
“organize. The area was divided into sections each in n charge of a ‘section 


engineer r officer who handled all construction 1 matters, together with requisi- — 
tions | for materials. “ The Water Supply Section of the Department of Con- 


struction and Forestry only passed upon its requisitions and helped expedite 


the procurement of materials. _The organization was de- centralized. ~The 


Transportation Department on ‘the contrary had its authority highly central: 


. “ized, as transportation was a continuous process from the sea coast to the front. 


The New Transportation Corps Water Department found itself i in a pecu- 


liar position as far as its s authority. and responsibility 1 were concerned. — The 
following i is quoted from an ‘official report : hee 


Tt ha a authority to ‘gtate and in quantities | water would be 
required for railroad purposes and to design the distributing systems from the 


= of delivery of the supply to and including the railroad service, but t 


“thr term, “Engineer Water Supply”, and the pronouns used as 
_ throughout to the entire See as a whole and not to the head in person. 
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WATER SUPPLY. FOR ARMY RAILWAYS 1 IN FRANCE 


en have authority to ‘select the sources of supply, t to specify what kind 
supply equipment should be installed, or to superintend the construction 
in any part of the water stations. _ However, it was responsible for the selec- 
tion of adequate sources, installation of ample supply equipment and the proper 
and timely construction of all water stations to insure the train operation 
incident to the carrying out of the transportation program for which the 


a 
Director General of Transportation was responsible. In other words, the § retu 
p 
Engineer of Water Supply was responsible not only for the correct locations § Wat 
and proper capacities of railroad water services, but also for providing for the . “ee 
services an adequate supply of good water at all times, but he could not deter- : 
mine the source of supply, the kind and size of supply equipment, procure the f proc 
material o or direct the construction of any part} of the on. for 
0 
Military Engin- Construction Light, Railways d Constructi ora 
site | -Water Service Section Engineer of Water Service all 
Control of Material Location of Water Stations 
va 


“our _ Example of Procedure According to ‘Organisation. 


—Engineer of ¢ Water Supply prepares ietter from ‘Director General of Transportation to 
‘ime of Construction and Forestry stating 200000 gal. of water per day required at 
Lothiers. —" signed by Engineer of Construction by direction of Director General of 

2.—Received by Department of Construction and Forestry. is 

» 


Ting 4.—Indorsed over to Section Engineer Officer, Intermediate Section West. 1 
5.—Section Engineer Officer sends engineer on ground to investigate. ¢! 


6.—Engineer reports development is not practicable. 
7.—Section ‘Engineer Officer indorses: report back to ‘Department of “Construction and 
8—Referred to Water Supply Section See preparation of indorsement to Director ( General 
9.—Indorsed letter received by General of Transportation and referred Engi- 


10.—Engineer of Construction refers letter to Engineer of Water showing develop- 


- "The result is that a new spacing of water stations must be Sentaat planning to skip 


Fic. 3.—DIAGRAM | oF ORGANIZATION oN AFFECTING WATER STATIONS. 


Before work k could be begun on either new or supplemental water stations, ; 


"authority had to be had from the Commanding General, Service of Supply, 
a Se ee and the French railroad on on which the facility was was located. AD 
: blanket was given by the ‘Commanding General, Service of ‘Supply, 
- te G-4, for all railroad water stations. _ The. French railway y companies had to be 

Py: a7 approached i in either one of two methods—by | official channels with 1 consequent 


4 or conferences with the French railway officials, = 
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‘WATER SUPPLY FOR ARMY RAILWAYS IN FRANCE 
‘The ‘official method was a roundabout « course, involving complete working __ 


plans before | anything could be started. ‘The Engineer Water Supply would 
submit his plans to the Deputy Director General 1 of Transportation at Paris. . 


/. then went to the Franco-American | Mission f for its approval, , and thence to 
the French railway officials. | With any suggested alterations, it was then 
“returned t to the point of origin n through the ‘same channels. Engineer 
"Water. Supply through the Director General of Transportation then directed 
_ the Department of Construction and Forestry to begin construction. With t this 


_ocedure, which might take a month, practically no ‘progress could be made 
obvious “reasons. Knowledge of the available sources of supply and ‘the 

details of of the existing equipment were absolutely necessary before the spacing 
of the pro proposed water stations could be made. - Detailed descriptions of the 


proposed “equipment and method of placing it demanded by the French 
railway officials before their consent could be given. . Designs of distributing 


systems were “required by the Department of Construction and Forestry . 


order that it might investigate. the source of water r and ‘make requisitions for 
por for the supply works to be subsequently built by the Section Engineer. 4 


a = * more ways than one this was getting “the cart before the horse” . The 


Engineer of W Water Supply was obliged to investigate sources of E supply and 
“all available materials before he could turn a wheel if he wished 1 to provide for 


| train operation required. ‘The elements involved would be: bs 


Inspection of existing water stations with their sources: of supply. 


» 2.—Inspection of proposed sites with their sources: of s ‘supply. (The geology 


of the country being an important item. 


3.—Proce tail plans and other information for all French water | 
stations on ‘the different French railways included i in the Lines of 


4 
of of these and other available water sources; computation of 


‘of stream flow a as 


6. —Determination of the best sy spacing 
American operations and still to ¢ conform to locations where adequate sources 


of supply were available within reasonable distance. 


7.—Determination of the ‘quantities required at each water station he 


increasing ‘transportation problem. Ban tal 4: abiehas 


_ 8. Submission of this information to the Department of Construction and a 
Forestry’; for its investigation. (French tanks were to be used where avail- 


ai 9.—Preparation of plans for both new and reinforced water stations.* athe 


B.. —Submission of these designs to the different French railways with all 


available information as to the probable mechanical equipment. int 


Aa ® The term, “reinforced water station”, was applied to French water stations which did 
a not have adequate velocity of flow at the water crane and had to be augmented to secure 2 500 
We - aad min., usually by the addition of crane lines and water cranes, 
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approved to the Department of Construction 


12.—Following up all schemes of every nature not entirely completed. 
13.—Special investigation of doubtful sources of of supply. 
ao. ‘aie (14. —Preparation of priority construction programs in order to use the — 
amount: of material available to the best advantage. 


bas 15 —Inspections to aid i in n expediting construction = procurement of con- ; 


Morar 
of! 
during April and May, 1918, showed that on First. 
Line 0 > of f Communication the intermediate water stations had several 1 months’ 
_ “reserve capacity for the transportation program « of 1500 000 men . Therefore, 


the supplies for the new yards and terminals were given the priority, for i imme 


3 diate study. The facilities to suit each scheme were then in indicated on the Targe . 
seale - maps ‘prepared by the Engineer of Construction and forwarded to ‘the 


ae 


‘hel ‘and Third Lines of Fig. 2) were May 
1918, from the P.-O., P. L. M., and Est Railways. These data were translated 
4 and ¢ compiled, together with computed drainage areas from: contour and 
estimates of capacities per minute of local pipe lines. 
These studies revealed the fact that several points which would have — 
suitable as to spacing, did not have ‘sufficient t supplies for future requirements. 
‘The deficient stations were » pointed out in conference with the Water Supply 
Rain. of the Department of Construction | and Forestry, with requests for 
stream | measurements in J uly, August, and September. © The Water Supply = 
- Engineer of the Department c of f Military Engineering a and Engineering Supplies 
was asked to furnish data on rainfall and ru run- off in ‘France for estimating — 


ng 


to this time, nothing had been done to determine weather flow. 


Where w ater was 8 required for railroad use such information w was vas of the greatest r 


“The line from to Argenton-sv -sur-Creuse 1 may be as a 4 
section of the lines of communication on which > doubtful sources of supply 
existed [see Fig. 2]. The drainage areas of streams adjacent to the French — 
roadside water stations were drawn and studied in connection with the existing 
supplies and the e locations of stations to be used as water stops for American 
trains were determined to use the best existing facilities as far as possible and 
conform to the desired spacing of from 20 to 25 miles. The water stations 
_ chosen were Perigueux, Thiviers, Nexon, Ambazac, La Souterraine, and water 
station for heavy south-bound trains climbing the grade from | Argenton to- 
La Souterraine. The average annual precipitation at these different water 
stations varied from 750 mm. at Celon to over 1000 mm. at Ambazac, and u 
-Thiviers. La Souterraine, between Celon and Ambazac, and Nexon, half 


between -Ambazac and Thiviers, had annual rainfalls at were not 


Figures o: on the distribution of ‘the rainfalls year were | not 


it W 
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observation through the summer demonstrated that the rs rain- 
fall during the dry period was much greater in the mountainous region 0: of 
- Ambazac than it was in the less mountainous areas near the other stations. _ 
Storage or new sources were, therefore, necessary to supply deficiencies at 
La Souterraine, Nexon and Celon, although the drainage areas at these salts 
were nearly as large as that giving an ample supply at Ambazac. Accordingly, 
it was planned to build a dam on the stream below Celon to store water for the 
Be period of 1919, and to lay a pipe line to the existing dam of Etang du Chi, P 
near La ‘Souterraine, which had sufficient capacity ‘and elevation to furnish 


the additional water requirements by ony: 


Water s supply problems similar to the foregoing were on 


of illustrating conditions, rather tm to a ‘the impression - that it was a 


TABLE 1. RequirED BETWEEN Sr. 


NEvFCHATEAU (via Crroy La Tour), FRANce. 


Stations and intervals (miles). po posts. Gallons per day. 


Nazaire 8 | 


Possouniore (24). 
La Menitre (16) 


Langeais (28) 143 A 
_Dierre (22) 

St. Aignan- 


Foecy (24) 
-Savigny ep Septaine (26) 

Le 
Cerey la Tour (19) 

Marmagne sur Creusot (33) 700 

Bourmont (13) 


Neufchateau ‘512 
Conflans- 
Zertigny (12). 
Epinal 


Nums TION 20JE 


the First Line of ‘Communication (Fig. 1) from St. ‘Nazaire 
Bordeaux to the ) rail-heads ‘there were ninety-two French water stations. All 


these stations were studied carefully and the results tabulated on data sheets 


‘similar 1 to those already described. (See Fig. 2.) Yo wa 

The necessity for an early start being apparent, a preliminary list of forty: 

‘ one water stations w was sent to ‘the Department of Construction and Forestry 
on April 19, 1918 (see Tables 1 and 2). This’ was some time before it was 
possible to secure and work out any detailed information, and after only one 


inspection trip: had been mad studies caused d only minor 
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six x of these preliminary ntti ‘The estimated quantities also varied but | | 
{ 


The 1 lines: to Tours” via Le Mans; from Rochefort and La 


Rochelle to “Saumur a and ‘the so- -called Second and Third Lines of Communi- 
cation had ninety- -two stations which were also tabulated and studied on 1 re- 


{ 


= _ ceipt of the necessary information. (See Figs. 1 and 2. .) Thus, there were 


‘covering 1760 miles, which in 


ReQuirep Brrwee BASSENS AND 


“Bassens (10).. 

St. Sulpice (18) 

Coutras (26) 
7 Mussidan (24) 

Perigueux (2B) 

Thiviers (25) 
Nexon (25) 


| 


Die Cidtinker: 11, 1918, 260 stations had been tabulated and studied in ~~ | 
o their availability for American transportation. these, 105 


* selected for reserve or "entirely 3 new stations to fit the transportation program. 
By 1 hat time plans had been prepared for all the distributing systems, most 
of which had been approved by the French and transmitted to the apres 


_: Construction and Forestry, while, the remainder were in the hands of the 

7 —_—_ at the time of the Armistice, 105 plans had been completed for 1 900 
miles of railroad; studies were well under way for 1 000 r miles more; and data 
ha been assembled and plans made for 100 water stations. on ‘the 1500 miles" 
railroad which would been required to ‘advance th he heads to the 


| 


> a A number of factors must tbe considered in spacing railroad water 
First, the rate of. evaporation at different locomotive speeds” ‘must be 
Pray second, the capacity. of the tenders; third, the profile to be traversed; and, — 


Pate 


e- the method or or scheme of operating trains. The last factor can only — 


be anticipated in view of many years sof past experience. 
‘The tanks of the American locomotives held 4900 to 300 gal. of water. 
ie _ The rate of consumption was as 70 to 120, gal. per mile with a locomotive having 

its full tonnage rating. variation ‘was caused by ‘the rise and fall in n the 
grade line. A locomotive running ‘on a level track uses more water per mile a= 
than on one with the same load on a profile ‘many changes from from adverse 
a. 
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the engine works at, full throttle 
22s 
; can n coast st down the Pras grades without using steam. The maximum rate 
of consumption takes place on an adverse maximum grade involving possib e 


engine delays, s ‘so that it would not be safe to have less than 1000 gal. of 
water in or these reasons, a maximum span of 30 m 


a adopted with an average of 20 to 25 miles. | The small French water er stations 

were located between these points and could be used in an emergency. - * .4 


The: principal . American: locomotive was similar one of ‘French 


sq. 


total of 3 490° standard- gauge Consolidation locomotives were p 


. for overseas use. This is Mmore than twice the ‘ total number operated by the 
Chicago and Wesitsinnstans Railway Company with 8 500 miles of line. . Not 


4; 


In all, 130 303 Consolidation locomotives were shipped for use by the J A. E. 7. 

in addition, 3 332 locomotives were en route to France « or on 1 docks in . the United : 
"States awaiting shipment at the time of the Armistice. - Also, 30 saddle- back 


switching locomotives were in use. the “undertaking to supply them 


with we water was not a small one. On 1 1% grade, an engine would haul about 
ie ENERAL PLANS By 


‘he roadside water stations having been | selected, ‘the French station plans: “4 


“were copied and the new facilities” shown on them. ‘These stations were o of 
two general types (Fi ig. 4), one for trains: with single engines, the other aed . 


~The standard distributing equipment consisted of 50 000-gal. wooden 


on a wooden tower located as close to a No. 11 10-in. water 
Crane as The pipe line from the tank to the crar crane 

"threaded pipe with couplings. Ex 
x available, by the addition of other lines to increase the. capacity to that of the _ ing 
: 10-1 -in. . line. . Water cranes were placed, when possible, between the main track 
and “passing ‘sidings so that engines could take water without blocking the 7 


| line. They were designed to furnish water to American locomotives 


_ At a few points, , such as the Perigueux Engine T Termina 1, high ground o 
- available for the concrete > reservoirs, but this was rare. _ The prime requisites 


th 
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WATER SUPPLY FOR ARMY RAILWAYS IN ‘FRANCE 

for watering a locomotive quickly are pipe lines nes of large volume and water erat 
| comparatively | low | heads, to avoid valve and pipe-line troubles from | water ram 


due to sudden closing of f large valves. int. ts 


The quantity of water needed at each of these stations was calculated from 

average daily tonnages necessary to supply the Army. It is obvious that 
military situations might have changed the whole conception of t the matter 

_ and have required | any one of the lines to be used at its full capacity. a ‘This 

was taken as 8 to 4 trains per hour in each direction for a 24-hour day. aot. 


At engine terminals, 5000 gal. per engine entering was used. As 


| ~ terminal spacings were the : same as for the roadside stations, it was assumed _ 
that each | engine would take 3 500° of water when entering and 1500 A 
et 


of the water from the coas coast to the part of France i is 
what is called “light”. is not very hard until the Vosges territory is 
reached. At the ‘sea coast, in 1918, considerable trouble w was experienced with : 


foaming. During the summer months, the reservoirs ‘were pumped. down 
that seepage changed from the landward side to ‘the ‘seaward | side. The salt 7 


a The actual working history of an organization is usually dry reading. a 


STATIONS A 


AND STANDARD EQUIPMENT, 


ever, as similar situations ‘may occur in any ‘campaign, it seems advisable to 


give a brief outline of organization troubles that added immensely to the work 
without i in themselves producing any water stations; and it was water stations 


that were required. igh 


January 5, 1918, preliminary plans, including water requirements at 
several engine terminals, were sent to the Chief Engineer | "Officer, Lines of 


Communication (later Department of Construction and On April 
19, 1918, a set of tables of water requirements (Tables 1 and 2) was sent by 


letter, to the Department of Construction and Forestry. On May 6, 1918, a list 
of seventeen engine terminals (Table 8) 1 was sent to ‘the same destination. It 


gave estimates of requirements for 500 000, 1000 000, and 1500000 men. On 
25, 1918, a Teport, was sent dealing with between St Nazaire 
Saumur, pointing out the advisability of investigating ‘ground- water 
ditions at Saumur, an engine t terminal and very important point. ‘By memo- 
es andum of J une 6, 1918, notes of a trip between Perigueux and Shateeerews 
were sent to the same officer. No reply having been received prior to June 19, 
1918, two letters ‘were sent, requesting ground-water at Saumur 

and stream measurements in different localities. 


add to the confusion, the P.-O. Railroad officials, on June 80, 1918, 
ented detailed « descriptions of what they wanted done to nine water stations 
and requested immediate action. s The available material in stock in the Engi- a 
-neer Depots was determined at a ‘conference with the Department of -Construe 


on and Forestry ¢ and a modified ‘plan produced to satisfy the French officials. 


ICAL REINFORCED ROADSIDE WaTER STA 
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> This an: was furnished to the officials of the P.-O. Railroad on July 6, 1918, 


: and the Department of Construction and Forestry was s requested to furnish h the 


and £0 
e ui ment b letter o of July 4, 1918. ee Fe 
3 WATER Nexpep AT VARIO ous, | 


ard and terminal 
locations. 


F For 500 000 r men. 


1000 000 men. | For 1500 000 men. 


000 


bat 


Saumur, 
Cercy la Tour 

Is sur Tille 

Liffol le Grand 

St. Sulpice allt 100 = 50 000 


000 
1 561 000 


‘Nexon 


runner of m numerous conferences ‘the importance ‘of all” 


Btls in the hands of any one entering such > discussions. A letter was — 


- accordingly sent to ‘the Department of Construction and Forestry | on J uly 6, 

1918, asking - for joint reconnaissance surveys of proposed 1 water stations by the 


“4 representatives of the Engineer of Water § Supply o of the Transportation Service 7 


_ and Section Engineers of the Department t of ‘Construction and Forestry, with | 
authority: to agree on metho ds, ete . This letter. ‘was unanswered, and telephone 


inquiry only resulted i in the information that the Section Engineers were too 


busy to pay a any attention to details. 
The next move “(July 1918) was to appeal to the | General, 


Servico of Supply, for an adjudication. ¢ ‘decision is found in 


‘memorandum of July 93, 1918, the Department of Construction 
Forestry, : stating in part: 


“Tt would appear that there can be no objection to permitting nitaanetinn ~ 
of the Transportation Department working jointly with the Construction and © 
in sources of water supply at various water 


the should be over to the D. 0. & F. 
importance of this matter is so great that immediate attention must be given 

i: N abl e to explain just how much of this information was to be 


turned over. consisted i in part of mental conceptions resulting from 


_~years” of experience in similar matters, and could not be made into a neat 
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— the negotiations, the Water Supply Section n of th the Department of 
Construction: and Forestry secured a geologist to. go over the line from Peri- a 
to Celon. was accompanied by a representative e of Engineer Water 
the ‘Transportation Department. This was the beginning, and by 
September 10, 1918, first reports | of — proposed methods of 
a ‘Engineers are p prone curves to illustrate their ‘meaning with the 
a that busy men will get the point: without effort. — This was tried i in order. 


to relieve the busy Section Engineers of labor. It worked like > the well- known 
Australian boomerang; the information w was used by the Section Engineer of oe 
Department of Construction and F Forestry as an argument against the 
teinforcement of certain stations. The s1 small French stations had to used 
between engine terminals until all the reinforeed stations in the district had 
been completed. . Hence the small actual consumption at the selected roadside 


water stations was compared with the requirements for any day taken from 


WATER SUPPLY FOR 


x= 


- the curves and used as an argument against the immediate necessity of pro- 


The rapid increase in the” size of the Army and the military activities 
due to the St. Mihiel Drive in ‘September, 1918, such a density of 
traffic as to bring out forcibly the weak points. The roadside water ‘stations: 
not been reinforced to deliver water rapidly, and all trains were stopping 
‘at the small French water s' stations to take water. - Sometimes they obstructed _ 
4 main track for 20 ‘min., thus | automatically limiting train movement 
2 trains per hour. Such conditions finally brought the problem | 
water supply into the spotlight, ‘and this’ resulted in accelerated construction 
which thereafter advanced as fast as material received. 
Lack of suitable material was the. most t serious factor in delaying construe 
tion, Requisitions had been made for ‘material, but the shipping tonnage 
| alloted | the e Transportation Department was | so small that it was deemed neces- 
q sary at first to utilize all of it for locomotives, cars, ‘tails, ete. - When the new > 
‘Department of Engineer of ‘Water Supply was formed, in April, 1918, it was 
_ discovered that no material for water service had arrived and none had been 
ealled for by the Department of Construction and Forestry during the previous 
months, when the had been under its jurisdiction. Consequently, 
the f first shipment was requested on April 18, 1918, as a part of the tonnage — 
quota of the Director General o of Transportation. pal The same was true of May 
_ The | Engineer Water ‘Supply explored every possible channel for -procur- 
ing tanks i in Europe, but without ; success. The only ones found were ‘several 
25 000- -gal. wooden tanks made by the construction forces a at -Gievres. 
a were excellent, but construction of them had been ‘discontinued. ‘Thus, it 
was, “necessary to depend ‘entirely on shipments from the United States. 
“When notice of the first shipment of tanks was received, a list of the el 


where they were most st urgently needed. was given to Department t of Con 
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drive to the Rhine, but this was stopped by the Armistice 
; In conference v with the officials of the P. L. M. Railway, it was found that 


‘ eine. could use German war prisoners to build reinforced concrete tanks for 
: American n transportation by contract. _ This scheme was carried into effect at 
three different points before 1 the cessation of hostilities, but, even then, . Amer- . 


os ican water © cranes aide to > be used, for not even one was obtainable i in eeumealll 


isnt "APER WORK A: AND CoNSTRUCTION ter 


be uoting egein froma ‘an official report: 
_ “However, as the organization stood, a great deal of the work was ; only 
done on paper with a comparatively small accomplishment i in actual construc- 
- tion. An excellent example of this may be seen in the case of the roadside 
Ss station reinforcement proposed at Thiviers. In all there were 46 | 
ters, telegrams, and conferences extending over a period of six months, with © 
which the Engineer of Water Supply was concerned, on this one project. And 
at the time the Armistice was signed, the construction had not started, although 
eg shipment of 6-in. supply pipe had arrived a short time before.” (See Fig. 3. ) 
By the careful assignment of available “material, to the new 


minals, yards, and weakest roadside stations, it was for the American 
Lines of Communication t to carry” -third of t the e total tonnage n needed 


relive 


supply 40000 000 men. ‘November, 1918, water ‘facilities had ad been inst: 
for 1300 000 men, » which was nearly 1 ‘the size of the e Army eontem- 
plated i in July, 1918, for the « campaign in 1919. Hing 
When the Armistice was signed, eig 


i remainder being used f for the different t movements needed for the ‘return of 


— 


7 P In addition to the principal duties in connection with train movement .™ 
E ngineer Water Supply, Transportation Department » was called on for vari- 
ous other odd jobs. 4 Among these were fire protection at Bassens- docks, water 
facilities on forestry sidings, water to train crews and 


- troops to to the base ports, the n maximum traffic being reached about the middle ‘ 


Ae 


‘ the damaged | water supply at Couflans- J arny (on n the front north of To ul) 
on the section of ‘railroad near the Luxembourg border, operated by the 7 

‘This terminal had been badly damaged by American 
4 fire. The large distributing mains had been broken in six different: places £ 


the pumping machinery carried away by the Germans. The mending 


| F struction and Forestry. This was done from time to time, but by October 17, § 
1918, it became apparent that only the tanks on the original requisition had 
4 
14 
i 
— 
| 
| 
| | 
| 
| 
| 
- through the fighting area into Germany after the Armistice was signed, and | e 
— aid in operating the lines taken over after the St. Mihiel Drive. His advice § F 
; i and assistance in securing all kinds of approvals from the French were rj 
a ape 
| 


RMY ‘RAILWAYS IN FRANCE 


of the teeihe ion of a steam pumping plant was cervied | out a 


under the direction of the Department of Engineer « of ‘Water Supply and a a 
submitted recommending what was needed at other water stations on 


4 


the section under American control. 
At the time the Armistice was signed, the writer was inv estigating a very 
mysterious cause of foaming on the lines of the Woevre (near Thiaucourt). 


was on a line’ that had been taken over after the ‘Mihiel Drive ve 


Engines: foamed on ‘Wednesdays | and Thursdays. voyage of inspection of 


several 1 miles up the “creck. from which the water ‘was taken disclosed a village 
with: a large public laundry. " The inhabitants washed their lingerie on Mon = 


aie 


days and ‘Tuesdays, the soap reached the engines ‘on Wednesdays 


and | Thursdays; ; hence, the disturbance. It is the only case on record durin z > 
years of experience, in which engine foaming conformed to the calendar. 


it was s impossible, with due regard to the entente cordiale, to sentence e the popu- ’ 


The lessons to be | from all experiences ‘may be summarized 


The Engineer of Water r Supply, ‘Transportation Department, should — 


= 
primary control of certain fundamentals ‘sufficient personnel to to carry 


Yuet 
—All investigations necessary to water +: 


9 


2—Design ‘of supply systems to the extent of specifying capacities of — 


a pipe lines to be installed and general location plans. 
—Control of water service material, such as tanks, 


= that can his train movements accordingly. The 
repair forces should be within easy reach of this source of informa-— 


There isn o essential al difference between engines, cars, , coal, and w water as 


parts 0 of a transportation scheme. and they should be under the same 2 general 
Fi head. . To assemble engines and cars is not far different from “erecting water 
stations. it is believed that the supply of equipment for indefinite problems 


is best handled from. one large depot and is, therefore, rightly under the 


Department of Construction and Forestry. This includes pumps and engines" 


which can more readily be selected from a large stock. etn ae z 


he ‘main object in work of this sort is to preserve the continuity « of all 


operation, ‘This has been accomplished under civilian control by the « organiza 

tion of “all line gangs”. These are u nder the control of one official who ¢ can 
4 = 
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RMY RAILWAYS IN FR ANCE 


to be avoided in is Asa chain as strong its 
w eakest link, local ‘May inter: interfere with train mov ements perhaps hun- 


would not seem difficult under ‘military organization to accomplish 
by the creation of a “separate unit. w would have absolute control 


over ‘its own activities from the starting nt, or investigation, to the « con- 


its ¢ 
clusion—a, completely equipped water ‘station with sufficient supply to enable 


it to deliver water to locomotives at points best suited to the expediting of 


oy? 


sly 


Ses - 
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move them about into different divisional jurisdictions. Similar forces, com-_ 
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PROBABILIT ITY or FLOOD FLOWS | 


By F. G. Assoc. M. Am. Soc. 


Frequency curves may be applied | to flood data in determining flood flow 
probabilities. The results are shown | in paper, also the relation 


‘The proble m of of rainfall should be subject to. 

~ Some progress has been made in t the long- distance prediction of the coming =, 

i and duration of rainfall. Thus far, little has been done i in predicting at long» _ 


‘ Tange the intensity of rainfall to be expected. s In ‘the absence of informa- 


idea from a different. angle. | The ‘intensity of rainfall v varies 3 from storm 1 to 


storm. There are many rains of low intensity and few of high intensity. The 


higher the intensity, the less becomes the number occurrences. This at 


once suggests that one of the probability curvest+ may be used to fit such data. ; 


ZF A valuable discussion of frequency and probability curves has been givent _ 
by HL Alden Foster, Assoc. Am. ‘Soe. C. E. Mr. Foster applies these 
the determination of ‘ie probability of annual stream flow. 


q 


s the purpose of this paper to same to the 
of the probability | of flood flow. 


Knowing something of past fi Seeds their an 


- extension of the frequency’ curve at values of low probability is the desired i 


end. _ The first requirement is a record of the past performance of the river. = 
Of course, the ae record the better. The next ‘requirement is the 


writer has given considerable study to this 
of the problem. In one case, the daily discharge ‘record of the ‘Coosa 
River, Alabama, for a period of twenty- eight years was used. More than 


iM 000 separate value’ v were thus obtained. Again, the annual peak flows for the | a 
e two “sets of data widely results. Different water- 


the water-ye -year “may radically change the data. 


of t 
i NotTr.—Written discussion on this paper will be closed in August, 1927. When finally 
Closed the paper, with discussion in full, will be published in Transactions. adel ede 
— Cons. Engr. and Prof., nial Eng., School of Mech. Eng., , Coll. of Eng., com Univ., 

| tA rather complete discussion « of frequency curves, from which the “probability curve may 


= —- is given in ‘Frequency Curves and Correlation”, by W. Palin Elderton. ee p 
Traneactions, Am. Soc. C. Vol. LXXXVII (1924), ‘142 et seq. 
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PROBABILITY OF FLOOD FLOWS 


For instance, taking | the from October 1 1, it was found that two 


more high flows sometimes occurred in one year with no high flow 


= 


times came in one water- year, which only the greatest ‘was used. 


lesser flows omitted “were in ‘many instances greater than the maximum flood 


in the preceding or following ; years. It was finally decided to pay no atten- 

tion to the date any flood occurred. list was ‘made containing the 

“maximum 24- hour flood for every storm that caused a peak flow in excess of 


an arbitrary value. data \ were to ofthe rl 


ewe excessive flows ‘Hones 3 in the second because several excessive flows some- 


‘From annual peaks 
| | From food sors, 


were 


ow 


he 

value of the arbitrary flow. below which no floods were included 

"apparently little « or no effect on | the e result, provided it is set low enough — 

to permit the inclusion of a reasonable number of floods. It should be noticed — 
how closely the daily record results and the flood flow results check. ae 


The greatest recorded flow in the Coosa River at the site for which 
were taken has been 190 000 sec-ft. _ The frequency curve . indicates that this 
flow may be e equalled or exceeded on the average of once in 29 years. There 

: is nothing 1 to indicate whether such flows will océur in successive years. The 
date: merely indicate that the average interval between floods of equal or bhi 


ae In another study, it was desired to to learn something of the effect et of com- “| 


-_pleteness | of record. To this end the flood data of another river for a pares 
i a of 10 years were used. A second computation was made in which the two | 


highest floods were omitted - The results are compared in Table 2. a 
-Four- Froop TO Be EqQuaLLep OR EXCEEDED oN N THE 
= AVERAGE or ONCE IN THE Time Periop. 


Flow, in second- feet, ‘Flow. in n second- feet, 
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PROBABILITY OF FLOOD 


- is increasingly large at higher =—3 This comparison is not for pi 


mining the effect of length of record. a longer record, the greater 

_ number of high flows is accompanied by a much greater number of lower be 
flows. However, it is interesting to find such a difference due to to the « omis-— = 

: fe sion of 2 points from a curve determined by 294 points. ‘The frequency « curve 

_ equations are determined by the moment method d. The axis ¢ of moments is at -_ 
a low flow. Hence, the moments of the big flows : are important because 0 of their 

agnitude and moment a arm. This gives greater weight to the large flows, 

and, consequently, ' the equation of the curve obtained will more closely fit the a 4 

higher flows than ‘the lower. This is desirable for flood study. 


ey The records of the three following rivers in Alabama were studied: Talla- 
Onn River, at Sturdivant; Coosa River, at Lock 18; and, Tennessee River, 


== 


> 


at Pertinent data are given in Table 
= TABLE 3.—Dara or ALABAMA Rivers STupIED. 


area, in square miles 2460 80 800 


each” river the iver the he flow peaks were arranged in numerical order. The 


height was These data were for computing “the con- 
stants” of the frequency curve according to Elderton’s method. For plotting ~ 
the probability curves, the coefficients as given by Mr. Foster were used. 
ey or some reason, probably an arithmetical error in computation which could | 


be _ the: curve for the Coosa River thus obtained ot fit the 


made to ‘be convergent. For 
purposes ‘of reference, theo constants were found for the curves, as” 


TABLE 4.—Constants FREQUENCY CuRVES, Rivers. 


Tallapoosa. | Coosa, | 


The three p probebility 


are shown in Figs. 3. These data are on probability cross- 


paper. 
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The Exponen tial terms into 9 series which was conversent Some tronhle was 
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Coefiicient of 0.785 0.514 0.602 


— 
ar 


PROBABILITY OF FLOOD FLOWS 


Flowlin of 5 000 from 1,| 1905] to 1924 


find Period | of Yeordin which any y Flow will be 
exceeded jonce, find Abscissa from Curve|and d vide 
| 


- Flow in Thousands of Second Feet 


0.01 005010205 1 2 5 10 20 30 40 50 60 70 80 “3508 
CurvE FOR “TALLAPOOSA RIVER, ALABAMA, 


Since the number of storms is different from number ‘of years, the 
time seale is is the _pereentage ‘of the periods. One time period is the 


the period ot years in which, on the average, any given flow will be equalled 
or ‘exceeded once, the e percentage of. the time periods, expressed as a decimal, 
4 should be divided into the length of the time period. arena ae 
sf lee curves of Figs. 1, 2, and 3 3 have been replotted in order to show the © 


flood to be equalled or exceeded on the average of once in 1 any period of 


- oe years. _ These curves are shown in Fig. 4 (a). In Fig. 4 (b) are shown the | 
same curves I replotted by changing the ordinates to show the discharge per er 


_ square mile of drainage area, Again, in Fig. 4 (ec), the same curves are | 
_ replotted with ordinates of discharge divided by drainage area raised to the 


or. It will be noted how the three curve cross” each other and so. 


1916, Curve for F| Peale. al Storms causing Peak 
Flow in excess 24 000) Second Feet |from July 1912 tolJan, 1925 


To find Feriod of Vears i in which Flow will be 
exceed any value once, find) Abscissa 
from Curv here plotted (solid Line) and divide it 


i 
bil 
squ 
the 
the 
» app 
| | Ingludec ( Storms) Data from Lock 18 Gauge and Rating Tent 
70.01 005 0.102 05 12 len 
ercentage of Time Periods (1 Period=0.1875 Years) 
‘= Fic. 2.—FLoop PROBABILITY CURVE FOR Coosa RIVER, et § 


Papers PROBABILITY OF FLOOD FLOWS 


d Fee 


find Peril in which, any will be e = 
find Abdcissa from|Curve and divide it jnto6,44 | | 


Flow in Thousands of Secon 


00.5 0-1 02 oo 1 2 5 0 2 30 4 50 60 70 8 90 9 98 99 
Percentage of Time Periods (1 Period=0,0644 Years) | 


> Fig. 3. —FLoop PROBABILITY CURVE FOR TENNESSEE RIVER, ALABAMA, 


nearly ‘eoincide. This to indicate that floods of equal proba- 
‘bility are proportional this function of the ‘drainage area. 

a 


inv Ww hich, Q: = the ie: in second- feet, and M = the drainage area, | in _ 
square miles. Values of for: floods” which will be equalled or or exceeded « on 


the average once in 10 and 1000 years 700 and 1300 respectively. 


This formula is shown only for the purpose of — additional work on 
the subject. er the limited nuniber of data, it car can now have’ only local 


TABLE 5. or GREATEST Recorpep Fioops. 


rae Greatest flood, in | years, between floods 


magnitude. 


is that ‘the ‘resulting: formula will be obtained from data of equal probability. 


asmuch as it is s possible to start with a span 1 of years as the average e life of 


= * “Flood Flow Characteristics,” Transactions, Am. Soc. C. E., Vol. 89 (1926), 
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(794 storms)|patal from! U. S.Geological Survey Gauge 
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charges and ‘divide by ‘the average number of interval 
between. equal or greater floods. - That structure which showed the lowest cost 
per year of service would then be adopted. _ In calculating costs, items of 


interest, and contingent flood damages due to the failure of the ara 


study ew prevented the extension of this ‘method. It is hoped tha that more data 7 
it To indicate the non- -homogeneous nature of .~ used in obtaining any 
“curve: drawn through the greatest recorded floods, Table 5 is presented. 

ies ~The writer wishes to acknowledge his indebtedness to the Alabama Power, 


Company for the of the data herein 
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ity ERIAL SURVEYS FOR CITY PLANNING Le 
By Gerarp H. Martues, M. Am. Soc. C. E.t 


$M. Soo. C. E. (by letter). r).§—Among the 


brought in the discussion of this ps paper er a number 


Mr. Ripley|| points out the desirability of a county retaining possession 
aa ; of the negatives of an aerial surve vey made for it by contract. The disposal of 
negatives has” been a much mooted question ever since aerial surveying 
expanded into an industry. Retention of aerial negatives by the contractor 
is predicated on the well-established custom of a photographer retaining 
ownership of the negatives of photographs which makes for his “client. 
_ Some aerial mapping companies regard the negatives as the property ‘of the 
‘ client but to be retained by them for os use subject to the orders and 


Aerial mapping contracts sometimes specify reimbursement to the client 
of part of the profits” derived by the « contractor in selling copies of ‘maps or 
" pictures from the client’s negatives. . In the case of municipalities this practice 
is not to | be recommended. _ Delivery of the > negatives: an essential 
toa complete discharge the terms of | any public contract. A precedent 
a for this has been established by the contract for the aerial map | of New York | 
; City let by the Board of Estimate and Apportionment, ee: called for the. 
delivery to the city ‘of all ‘negatives, including the original negatives as well 
; as the large copy negatives from which the individual map sections were made. 
wisdom of this” appears to be confirmed by the ac action taken 
ms On the ‘subject of ground control for aerial surveys for r city planning sii: 
“poses, the point raised by Mr. Olmsted] is. well taken, namely, that it will 
often be advantageous for. a city to establish a geodetically precise horizontal 


once and wel all, to. serve as a base for future su surveys, including ‘those 


4 


best done 
> properly equipped and qualified firms engaged in such 


Discussion on the paper by Gerard H. Matthes, M. Am. E. continued from 
January, 1927, | Proceedings. 
Received by the Secretary, March 1, 1927. 
|| Proceedings, Am. Soc. C. E., January, 94. 


{ Loc, cit., December, 1926, Papers and Discussions, p. 2025. va mae. 
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or the co- of the U. 8. — Geodetic 
Survey. _ This Bureau, in the past, has ‘per formed valuable service in extending 
geodetic surveys over certain city areas. ‘Unfortunately, the limited personnel 
available for this work makes impracticable for the Coast, and Geodetic 
Survey to undertake co- operative surveys of this kind to any extent. 
‘The discussions have emphasized the practical value of oblique aerial — 
photographs and controlled mosaics, two phases of aerial s surveying that : are _ 7 


‘not receiving the 1 recognition that i is | due them on the part of many " engineers, 7 


are prone to class them : as mere pictures and picture maps. ‘The fact is 
that already these ‘two. forms of. aerial photography have been | effectively 


= 


(and better than line maps) that the demand for the part of 


gineers and others i is constantly i increasing. | This is is especially true in the case ~ 


have been demanded. For or certain purposes they have | proven SO 


da t 
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ATER. RATIO SPE Wolk CONCRETE 


Diseussion* 


BE of T 


Tuappeus Merriman, M. Am. Soc. 0. E. 


-Tuappgus Merriman,t M. Au. Soc. C. E- —The “authors are ‘to com- 
mended for their frank recognition of the fact that compressive strength 


no relation to either the permanence or the durability of conerete. 


have presented one one of the best. practical statements on the design of concrete 
ok Quite aside from “the design of concrete mixtures” there is another aspect 
of the pr problem of concrete, which demands attention. . The wheels o of progress 
seem to h have revolved to that. ‘point: on the road to progress where reasonable 
a agreement in regard to the matters of water- r-ratio and proportions is is indicated; 
but this p point does not mark the j journey ’s end. ti Because agreement has been 


—. on the obvious ‘things, which are visible to the eye, it does not follow 


that the problem has been completely solved. _ From these gross physical 
4 manifestations the inquiry must go forward to 2 a consideration of the condi- 
xg tions under which the cement reactions occur and seek to ascertain how it 
— will be @ possible to secure both an 1 optimum of concrete quality and a maximum 

A practical demonstration will | serve to ‘illustrate differences in quality 
product. Mix a sample of cement with 43% of water by weight. Pour 
one-half this mixture into one bottle, the other half into another. Break the 
first bottle at the end of 24 hours and allow the sample to remain in the air. 
4 The second bottle ‘should be broken when 21 days old and the sample there- 
after kept i in the air. These two samples will | speak for es. The 
ard, dense, 

at 
two different The chemical in the one sample 
_ “ will evidently have been of a very different order from those i in the other. _ 
are question to be be determined i is that of learning why concrete 
in on tes and shows 
little | of either permanence or durability. water- -cement ratio seems to 
, have some bearing on this matter, yet the day is not far distant when n conerete 
will be designed on the basis s of. the proportionate relationships between (a) 
the cement and the water; and (b) the cement and the sand. Then, further, 
consideration must also be given to the environment in which the cement 


“© Discussion on the paper by F. R. McMillan, M. Am. Soc. C. E., and Stanton walker, 
ee M. Am. Soc. C. E., continued from March, 1927, Proceedings. ae 7 
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These conditions being “under con ontrol, the us 
“may then. in as much or as little stone as he desires. 
Permanent can n hardly be designed on the basis of the 
cement ratio only. Of the many factors that ; go to determine the q quality 
of concrete this ratio is only one, and it would be passing strange if this — 
simple and ‘obvious arithmetical fraction should constitute | the | last word 
in the act of concrete making. ‘The factor of cement c quality. is not so » easily 
to be submerged. | Until the solution concentrations in which the cement reac- 
tions occur under control the nature of the hydration products 
cannot be predicted. These products, are impart to concrete its 


| 
veen (a) 


‘ follow 


cement 


‘ 
| 
« a and its behavior is vastly greater than it now is, but little more can be : ze 
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WATER-PROOF MASONRY 


By Massrs. Naruan Jounson F. W. 
Naruan JOHNSON,t Assoc. M. Am. Soc. | —Since the author’ water- 
4 proofing membrane i is proposed per se asa ‘means to prevent u uplift i in dams by 
7 stopping the entrance of water into the concrete. or masonry, is the situation 
not | this: _ Assume a 1 more or less hollow structure, of ample weight for star 
bility, but made, “say, of. ‘sheet iron so as tol be impervious. There will be 
a ‘uplift ‘unless the : structure, instead of being filled with water, is filled with 
is, therefore, no uplift. to be anticipated tes any more or less 
hollow structure, but only for a structure from which water is excluded. E = 
- . a concrete dam there would be no uplift except through voids filled with 


9 oie which are in a very small percentage,  sesremniing that no water enters under 


— 


This viewpoint is taken in order to divorce the subject of uplift that 
D — as a material. This latter is a separate subject, particularly | as 
regards its abilities or disabilities for use e water-exposed structures. 


‘The discussion of this paper, therefore, cs calls for division into (1) the ques: 


tion of entrance of water versus uplift in ‘any water- retaining structure; (2) 
" the . actuality, ‘magnitude, and distribution of forces exerted by uplift; and OF 


_conerete a material ‘suitable for water-bearing and the “necessity, 


its very nature ‘eonerete is is never fre free from water, but. it ‘should not 

water in sensible quantities. If conerete is free from water, it is a disinte 

a grating and more or less pulverulent mass. Concrete must have a normal water 
content to 1 maintain its integrity ; and any proposal to exclude \ water must be 

carefully evaluated before it can be pronounced | advisable ; and a "clear 
- = ferentiation should be made between the exclusion of water and the adoption 
of of means to prevent percolation « of water through the mass because, perhaps, of 
anticipation will had in the actual construction: of the 


ban rier. 


~ 
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many ‘means been ‘proposed to se secure e immunity from the evil of 


pressi 


| sectio 


tions 
impli 
an ur 


possih 
to ths 
slidin 
ing n 


the 
«appre 
with 
draft 
‘stane 
subst 
‘gallo 
q | 
divor 
shoul 
— his 
uplif: 
water 
in er 
i teduc 
that 
perm: 
In 
Hon 
of fail 
ice pr 
dam 
It 
more 
- 
he 
ed 
tion b 


SCHEIDENHELM ON 


gr ‘When Mr. Pagon ‘proposes a water- proofing membrane for concrete dams, 


speaker cat can see § some values a as a temporary preventive of fir t-hand Teak: 


as to o the ‘true nature of ‘concrete, one that will be on a 
with the artistry of which draftsmen are capable in their designing. The 
‘draftsman’ s picture- -section of concrete shows a "uniform, homogeneous sub- 
stance, ance, while the product in the f field is a highly va variable and non- -uniform 


. substance and through this field- produced A ape passes in billions of _ 
gallons daily. — On that rock, practice and theory are split asunder; and much > 7 
| of the confusion of thought that exists to- -day arises: from that one cause. — - 


conclusion , therefore, it seems to the speaker that Mr. Pagon : 
divorce the subject of uplift the subject of proofing that he 
should divorce e the subject of conerete from the ‘subject of uplift ; oak that 


his conception of a water- proof membrane i in the face of the dam as preventing we, 


uplift i is a misconception and unrelated to the subject of uplift per se, or to 


a 
the designing of dams fo for either safety or hod 


Ww. M. Aw. Soo. C. EB. —The speaker finds himself 
thoroughly sympathetic with the desideratum, advocated by the author, i 
-water- proof membranes to be | located hear and approximately parallel tot the 
up-stream faces of masonry dams. In the reason for this sympathy, however, 
he differs somewhat from the author, who | emphasizes probability of diminution 
in cross- section of of a dam n equipped | with such a “membrane and of consequent 


reduction in cost. T The speaker, on the other hand, is attracted by the hope 


that such a membrane might | constitute an contribution toward the 
permanence of the masonry, especially if that be concrete. 
“ee In the paper much stress seems to be laid on the effect of. uplift 

1 (3) pressure, particularly. within | the body of a dam, in | determining the cross- aa 
é section and hence the « economy of the structure. - However, the speaker qu ques- 


sity, 
erent 


tions. whether such interior uplift pressure is really | so important as the paper — 


implies. For instance, he he has 1 no ) direct personal knowledge of any failure of | 


k. 
= ‘ an upper portion of a masonry dam by overturning or or sliding o: on a lower por- : | 

saiad tion except where caused by ice thrust. _ Only a single well-authenticated case _ 
7 ter of failure of a dam even by overturning on its foundation bed other tha than due to 7 
wa : 


ice pressure has ¢ come to his attention and that case is stated to have involved — 
adam only $ 20 to 30 ft. in height and of | obviously too thin a cross-section. vt 


It is true that uplift. ‘pressure in effect reduces the net weight of a dam or, 

‘More accurately, may reduce the load and hence frictional resistance on a 


ist be. 
yption 


wa “ possible plane of sliding, and that in this way uplift pressure may contribute _ : 
the to that most t important form of failure of ‘Masonry dams, namely, failure by 
.. ‘sliding. Even s so, the uplift pressures that are most dangerous are those exist- _ 


lating 


‘ing not within but under a dam, either between the masonry and the natural 


vil of 
—_ foundation bed or between approximately horizontal strata 0 of the foundation © - 
bed itself, The’ author implies that he would utilize only such founda 
March, 


tion beds as are “tight”. i However, if he can avoid : seamy or porous foundation 
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SCHEIDENHELM. ON ON WATER- PROOF MASONRY 


‘SC 
beds he is is singularly fortunate. “More often the problem is one 2 of recognizing 
seamy or } porous condition of foundation bed and of so designing the dam close t 
and its appurtenances as to make the resulting structure stable. 
e fal ure e dam a ustin, as been “men loned. ou the da 
fail f the d t Austin, Pa., has b tion “Altho he da 
is ‘uplift pressure may have been one factor, ye it was not necessarily the only § dam w 
factor and the failure was primarily one by sliding. Certain portions of a § Cheat 
concrete cut-off. wall, ‘such as it was, remained embedded in the foundation § two le 
ck—of partly disintegrated, sandstone with | clayey interbed- Dam." 
ings. There must have been cracking or complete rupture of that concrete the W 
-cut- off before any material uplift, pressure could have | been exerted under the f Th 
_ bo dy of the dam. Slender and inadequate a as was the cross-section of the dam, drains 
_ = af the deficiencies i in that respect were hardly so serious as those involved in the §j autho: 
7. + provision against sliding. of ‘The dam might have slid even if there had been no tives” 
--There are various expedients for minimizing uplift pressures under a dam. ‘such « 
7 _ First, there i is the expedient of constructing a cut-off in which, as the author §§ of clo 
points out, it is possible t to embody a membrane intended to be water- proof. §f terial 
a _ (However, inasmuch as the concrete of a cut-off wall is not subject to alternate —? 
7 wetting and drying, or freezing and thawing, thes speaker would not feel greatly body 
concerned about such percolation through a cut- -off : as might occur in the cerns 
absence of a membrane). . The « cut-off itself, whether it be of concrete or of AS 
_ sheet-piling, may be extended downward still farther by means of pressure aah 
Against the contingency that ‘the cut- Off provision may ‘not extend sut- 
/ oa ficiently deep, or for any other reason may not be absolute, there i is possible a aiid 
second line of defense, namely, a row of deep drain holes, ‘relieved at the bil ; 
op by suitable means to tail-water pressure and extending downward as far one 
4 as may be necessary. If, for instance, the base of a dam is 100 ft. wide, ‘the | —. 
line of such drains might well be 10 to 20 ft. down stream from the up-st -stream uplift 
‘face o of the dam and parallel thereto. ‘Surely if these drain holes are “spaced 
n 
closely enough, would be adequate to prevent any uplift pressure: 
stantially in excess of that due to tail- water. - Some might feel concerned me 
that in course of time these drain holes would become clogged, but ‘uplift pres = ‘4 
_ sure will presumably be as severe initially as at wed time in the life of a dam ihe ¢ 
even a ‘slight differential pressure will maintain an upward flow and hence of co 
* % ea +9 In short, it would seem that along the line of such a barrage of drain holes le 
4 one may reasonably expect the intensity of uplift pressure to approximate ‘tight 
due to tail- water. ‘Whether the maximum intensity. of uplift pressure Conc! 
: 7 at the up- -stream face of the dam be equal to 100% of that due to head-water, crete 
ae or whether it be some fraction thereof , such as two-thirds, is not, under such mem 
: circumstances, of major consequence. Moreover , such uplift: pressure as 3 does  stres 


exist can not obtain over the entire ase s of the dam: otherwise ‘the dam would 


be afloat. Against encroachment hydrostatic "pressure from ground 
a water or of reservoir pressure coming in 1 from the hillsides, one may similarly 


“set up a defense by extending lines of drains down stream from ona at a 


to the valley or r perhaps at the ends of the dam. 


| The scheme of utilizing such a barrage of drains parallel with the a2 axis of | 


the dam and relying on on it to reduce to tail-water pressure any uplift under in 
dam was utilized by the speaker in 1913 in the case of the Cheat River Dam (0 7 


Cheat River i in West Virginia near the Pennsylvania State line). A year or 
two later it similarly utilized in ‘reconstruction of the Stony River 


Wilson 


drains end horizontal galleries intercepting the drains i is by the 


author. + Apparently he would consider them much as safeguards or “detec- 
tives” (as to deficiencies in 1 the membrane) rather than as assurances that 


hydrostatic pressures within the dam will definitely be relieved along the line of = 

such drains. The speaker is inclined to the view that there is more danger 

of clogging of drains within the body of a concrete dam, by deposit of ma- 7 

‘terial leached out of the cox concrete, than thére is of. clogging of deep drains 

in the foundation bed. | On the other hand, the clogging of the drains in “i 


body of a structure is believed to be of ‘materially less ; consequence as — 


As t to the economy which might result from the use of a water- proof 
‘such as that of which the author is a proponent, it should 


mind that the cross section and the in 


lity against addition, there i is the for a 


wlift pressures, especially. under the. by a water mem- 


brane can hardly be. of ‘important | effect in bringing about economy. 


2 _ Nevertheless, there is a good r reason for ¢ giving very serious consideration ’ 


tee the use such a ‘membrane. _In case it were to insure the» permanence of 


tight Png one might to pay for the 
concrete necessary to keep the membrane or diaphragm intact even if su such a 
rete were not relied on i in determinations of of stability. . Evidently, such a 
membrane prevent the weathering or or disintegration of the down: 


Transactions, Am. Soc. C. E., 907-1100.” 
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hence f ° concrete, the use of such a membrane would have ample justification. The 
desideratum would _be_a_means for preventing head-water from percolating 
holes 
‘imate 
essure 
such 
s does 
would effective in preventing head-water from penetrating construction joints and 
round: 


Unfortunately, 
a a membrane that has such a purpose and ide served that pur- 
- pose for a substantial length of time. _ A membrane is subject to attack by 
“chemical action and to mechanical difficulties resulting from differences i in 
expansion coefficients. Considerations ‘such as as these, even if perhaps not 
as to the feasibility the: membrane, leave’ questionable any 


3 design that for stability relies on m the permanence | e of su such alayer, a 


be to the of ‘ “water- proof A Gf all, reason 
aa Bs. their probable contribution sensed longer life of the masonry rather than 


_ by reason of any economies assumed to result from reductions i in design s stresses 
4 - cross-sections on account of reliance on such membranes 
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EXPER IMENTAL DEF ORMATION | Or CYLINDRICAL 


f. Soc. C. 
Cuaries Comstock,+ M. Am. Soc. C. E. (by letter). Discussion of 


this paper seems to be - inseparable from that. t of the paper entitled “Arched 


Dams”§ by the same author. | x 
The purpose of the present paper is to compare observed deformations of 
an india rubber er model with ith corresponding values computed by the - ‘process ss set 7 * 
forth. in the earlier paper. These comparisons 4 are summarized in Table 
Table 5 is a | copy of Table 3 with t ‘the addition of a me sik of differences va 
between observed and computed values and of a a column of percentage excesses 
of observed above computed values. Table 6 is a copy of Table 


with similar additions. 


TABLE 5 5.—COMPARISON OF AND Compurep 


lis | Compu mp Difference. in | excess of 


values of wu, in values of wu, in 


= 


0,001 


_ The author states, “the error of any reading Possibly a amounted. to 0.03 _ 


em. , If it be assumed that the measured deformations are are ‘in excess of the 
actual we, amount the 6 would be 124, 79, 
9, 80, 71, and 4 as given 


on the Smith, M. Am. Soc. C. E. d trom 
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ON WATER-PROOF MASONRY DAMS 


Even with this favorable assumption to errors of observation 


ation, 


hardly be considered ed that, there i is substantial agreement between computed and 
measured distortions. 3 the ‘percentage differences were nearly constant 


"throughout, it might properly be assumed that the modulus of ‘elasticity. of 
72.10). 

the material of the model differed from, the value used in the ‘computations, 

However, this is not the ‘case, and the o nly alternative would seem to be that 

_ the stress distributions assumed in the earlier paper, _ either as to the arch, 

vor the cantilever, or both, are not the actual distributions. 


TABLE 6.— AND ComPUTED DEFORMATIONS, | 
EncastréE. 


¥ values of in in Difference, in excess of observed 
inches. af centimeters. | above computed 


| 


» 


1 


Tt r’s analytical method consists in equating the radial distortion | 
‘ia a ring “to » the deflection of a cantilever perpendicular to the plane of ‘the 


ying. _ The result i is a differential equation of fourth order and first degree, 
* is ‘integrated in terms of exponential and trigonometric functions for 


4a 


7 a cylinder of constant tl thickness ; and i in 1 terms of hyper- geometric se series for a 


cylinder w with a thickness that varies linearly v with the height. 
‘The method is not new, having been used by Silas H. Woodard, M. Am. 


E., in the design of the Lake e Cheesman Dam.* Mr. Woodard, how- 
_ ever, contented himself with equating deflections at five or six - points of the 
ae. making - ‘no attempt to « derive a general formula for deflection at any 
point. * The principle involved is probably sound provided the assumed stress 
distributions for arch and cantilever are correct. 4 
In his previous paper the author assumedt for thie “that the bending 
“moment. vanishes throughout and that the ‘segment is subjected to a uniform 
compressive st ress (arch thrust) throughout its length | so that the clastic 
compression is constant throu ghout.” This is clearly ‘not the case. 


_ Even for t the cylindrical model used in his" tests, with a thickness of 17.7% 


of the mean n radius, the circumferential : stress was 18% greater | at the inside | 
surface than at the outside, although it is true that there was ‘no bending 


Am. Soc. C. E., Vol. LIII (1904), DP. 108 et seq. 
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moment. about a ‘line the axis” of 
comprised only a segment of the instead of a complete 


the assumption of no bending moment in the a arch would have been obvi- 
ously incorrect and the use of deflections based on such as ‘assumption entirely 


We. For a vertical cantilever, the author makes use of the common theory of | 


beams. With such proportions as existed in his model this seems entirely 
reasonable, but for the. sections of curved dams like the Cheesman, a, 
and Arrowrock, or even the Shoshone Dam, there is no basis for | assuming | 


linear distribution of stress on ‘horizontal: planes; and deflections calculated — 
by the common theory are _ almost certainly seriously in error. 


«AT, as. the writer believes, the author’s | formulas for deflections of doth 
arches and cantilevers are incorrect, the his: dam theory 


the thick clastic arch. This has not. yet appeared. a 


proportions as as the Creek Test Dam, the ordinary th heory | of 


beams is probably sufficient, but for more usual proportions a more scientific 


analysis, is needed. if the Stevenson Creek Dam had the proportions of the 


-author’s model it would be about 17 ft. thick. , It is doubtful whether any one 


would ‘feel justified i in assuming uniform stress and no bending 


Another preliminary problem, one even more difficult of solution, 
that of stress distribution in a ‘beam: the cross-section of which is rapidly 


“varying and, of the same order of magnitude as. the length of the beam. _ When 


eces thod may be 
useful, - Until that time it does not seem to have | any place in the design 
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aa Covcnan,t Esq. —TI he questions raised in this excellent paper are 


4 interest to engineers engaged in city planning. e experiences 


of the Town Planning Institute of Canada in general ‘substantiate _ the 


conclusions. The technical qualifications required for its members | by 
“are s similar to ‘those of the Town Planning Institute of Great Britain, th § 


be k 

object being to o focus technical knowledge on the question of public welfare. inte 
Thus, the engineer, surveyor, landscape architect » Or lawyer who applies for 

_ membership is supposed to be qualified i in or recognized by his own pre — 


 fession. 


In some quarters there is a feeling that the architect will | supersede the 


engineer, or vice versa, but the experience of the ‘Town Planning Tnstitute 
of ‘Canada does not support this. Any city planner, no matter what 
primary profession, will recognize the great advantage of collaboration with 
- specialists i in other fields. Even if the public ¢ does not recognize the need of 
special: training, by all means’ the specialist should recognize his brother. 
For) example, no one should know better than the engineer that he is not | 
an architect, or vice versa. sit} 

Pr The ‘City of Ottawa ha a Town Planning Commission of eee a 
speaker is Chairman and 1 Technical Adviser. Although is ‘official 
“organization, under the laws of the Province of Ontario, and has city ‘officials 


members, its powers are. purely advisory and its recommendations are 

subject even en to disapproval by the City Council. As a result, sometimes 

= regulations and permits are made effective by Council actions, which are 
clearly: contrary to. ideal city, planning. This illustrates” the necessity of 
town planning the. authority of law, so that become the will 

4 
x but to — kes The successful plan must be made elastic. ce. Safeguards mi must 

be taken, so that changes, especially extensive changes, ‘cannot be made 
7a 4 night. . In Canada, and it is hoped, in the United States, there is good reason’ 
to think that the future holds favorable promise for the effective work of the 


Discussion on the paper by John Nolen, An. Soc. C. B., from January 


Busr., Ottawa, Ont., 
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DEVELOPMEN T OF M. ARIEMONT, OHIO 


By CHARLES p Leavitt, M. Am. Soc. C. E. 


has been. in Fay S paper of 
the application of the principles of community development” and as bow 4 ae 


“unique in the history of town planning i in . the United States” and is is called” 
by: the author, “A National Exemplar”, it would seem as if a little more should 
be known in detail about certain statements in the paper which are of ‘great 


interest to town planners, particularly - if Mariemont is to be admitted as the a 


standard to follow in planning residential communities. 


Is it possible t to set out a a complete National example i in community build- 7 


‘ing? Each problem presents: separate: and independent conditions. Topo- 
graphically, Mariemont lends itself to. a maximum of principles governing 7 


“Gy planning and the planners themselves have e been so well grounded i in 


their profession as to vk able to make full use of all possibilities. jer metas.) 
a The general principles of design as expressed in the paper impress one as 
sound Many if not all of them have been used elsewhere and satisfactorily, 


although the writer knows. of no instance where they have all been used 
together in harmony as at Mariemont. In bringing all the most improved 
methods of design and execution into co- operation as has been done in this 


ease so successfully, g great credit must be : given to the anne who have thus 


made a distinct advance in town planning. Batieoun 


ie Tt might be « of f great interest to — upon the statement that “it “it, does 


practical impossibility of providing new homes for people: of the ell 
economic scale” ist: It is also stated that “Mariemont i: is ‘intended primarily as 
a place of residence for families ‘of widely different economic standing, and 


wage ¢ earners” . Is it. to be understood from these statements that, 


sata one must perform duties which return small pay (though a a a living ied 
and of th these there are many, and they are necessary for the functioning 
of any community, whether residential or industrial. _ Where are these people 


to live if not in Mariemont oe Tos some extent t these people, not very poor, but | 
of les less than moderate means, have been provided with new houses elsewhere _ 


paz. This discussion (of the paper by Frederic H. Fay, M. Am. Soc. C. E., presented at the 
nuarys es of the City Planning Division, New York, N. Y., January 21, 1926, and published in ; 
7 ha 1926, Proceedings), is printed in Proceedings in order that the views expressed may | 


e brought before all members fon further discussion. 


_ +Civ. and Landscape Ener. (Charles Wellford Leavitt & Son), New Yo 
Received by the Secretary, January 13, 1927. 
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ITT ON MARIEMONT, , OHIO apers. 


5 _ Could it not have been done in 1 Mariemont? ° Or has it I 
done? -Almshouses are the only examples known to the writer of new | deve 
7 ayer having been provided for the very poor, those of the lowest economic - 
7 ’ scale. ale. With this exception the very ‘poor have always been obliged to house ‘is pl 
themselv es, “usually in ‘the houses discarded by the well- to-do, who build and I 
‘Hive innewhome 
: ro It would be interesting to be informed of the rentals received : for t the smaller § for ' 
houses, or those ‘ “many small flats or apartments, some even a single room”, estat 
provided to ‘ “meet the needs of those who can afford only low rentals”. What 
The | church, the recreation facilities, the housing planned by 
various architects are as nearly perfect as modern art can devise them and 
should give the “greatest comfort and ‘satisfaction the inhabitants of 
‘The stre street system seems perfect except possibly the direct “ “major thorough- 

: - fare from | Cincinnati passing through the. town center” fe: It would be ‘inter. but 
- esting to know if this major thoroughfare 1 might not have passed outside the Soe] 
community with a branch into the town center so as to keep out the through F buos 
traveler, rather than congest the the town center with people having no business ~~ 

4 The town plan; ; the engineering, , with the distribution systems | for the hie 
- water, gas, electricity, telegraph, telephone, and police and fire alarm; the col- a sp 
lection ‘systems of drains ‘Sewers ; and the street pavements seem to be tha | 
beyond criticism. . The installation of service pipes to ‘every lot before the 
street pavements are laid is especially to be commended. 
ae: The central heating plant, the o one service which i is developed i in Mariemont mea 
- the beginning to the delivery of steam. into the » public buildings and to f 
homes, is certainly the distinctive engineering feature. Can this be run with Fo 
economy as as to compete with ordinary methods? If (and the cost bal 


figures on this would be interesting), it will be a . godsend to to the coal heaver 
While is stated that Mariemont is not a philanthropy, | surely the 


- munificent act of .Mrs. Emery in providing the community buildings, such as 


4 


the church, school, hospital, parks, playgrounds, streets, and other features: 
of a public nature, » as “her gift to the new town” relieves the residents of pane 

the: necessity of financing these facilities which a well- 

derived, are those provided by one’s" and funds. With this ty, 
- great gift and the fact t that the profits from this development “are restricted Be) 

toa low figure”, , will ‘not this community be spoiled by not paying for those ae 
facilities which | other “communities do | provide, and i in which they take 

pride because 1 they have done so? “With so much provided for them will n not § sear 
-Mariemont’s residents have little left to do but to sit back in luxurious | ease - ; 
and eventually become stagnant and decadent? 
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‘LEAVITT on ‘DEVELOPMENT OF MARIEMONT, OHIO 


It will be of great interest to all town planners to know whether Mariemont — 


4 develops a soul; and yet. how else can such perfection be secured in the develop- PW 


ent of a residential community which so happens ra rather than 

Fully 3 realizing the noble tithe that prompted Mrs. Emery in: 


“Mariemont « and in making these magnificent gifts for real and lasting | service 
for the better housing of mankind, the writer insists that this is not Ke real 
estate development on normal American lines”, but that an atmosphere of 
In order that ‘Mariemont, or any other place which has been brought. 


into existence by ‘the act of an individual, shall have a “soul” and the spirit t 

- of co-operation and advancement—assuming that all things are done as Mrs. 

Emery has performed i in Mariemont, so carefully, thoroughly, and generously— _ : 

it might be necessary to insist that the residents in this town pay for what —~ 

‘they get, at market prices, so that patronism does not become evident, and the | . 

characters of the individuals will be develop ed. We must not have indolence, | 
but virile active workers if communities are to keep pace with the | general f° 

world advancement. | _ The soul of | the town and the spirit of freedom and the 
~ Bf buoys ancy of adv ancement will be measured by the strength of the people of 7 


_ Mariemont may serve a purpose to determine how far modern art and 
“science which here have been § so skillfully combined may go and yet develop 


a spirit to carry on the + traditions which have —s the "— and cities of | 
the United States what they are. * 


ie he It would seem that if Mariemont’s citizens were to carry the whole 


burden and if accommodations were provided for those of less than moderate - - =. 


- means, this \ very beautiful conception will truly become an ‘ ‘examplar” for all | . 
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CINCINNATI CITY PL AN IS LAW 


THOMAS: HL. Reep,t Ese. (by letter) $—It would be un; ungracious, indeed, to 


- seem to detract from the felicitations due to Cincinnati on her enviable 


7 acquisition of a a legally established city plan. So much planning effort has got 


no further than glossy reports and elaborate diagrams, that a plan in force 


is a ‘marvel to be heartily ad; admired. Mr. Ford himself, howev er, has -deliber- 
ately ‘paised the general question of the wisdom of permitting planning com- 
or missions to ‘ister plans - which have in effect the force of law. — To this ques- 

the writer would return an emphatic negative. 

One can readily pardon the city planning expert for exalting his specialty 
te a place 0 of equality with the other aspects of city government taken together. 


Experts in education, public health, ete., are’ prone to do the same. . The fact 
remains, however, that city planning is only one many functions of the 

‘modern city. That a wise plan is essential to ‘the successful performance of | 
many of these other functions does not remove it from this position. It j is 
va ‘no more essential t to happy city life than many other services, such as those 


the departments of health, fire, and police. There: is nothing in 

~ nature of the planning function itself to distinguish it from many other city 
activities. City planning i is a technical art calling loudly for the leaders hip 

a of experts but so are the construction of sewage disposal works, the develop- 
ment: of transportation “systems, or the conduct of. laboratories. 

7 6 a Should, then, there be established for city ‘eine a procedure at variance 


with that used for other municipal purposes ? 


— affirmative answer to this query shiitaniie requires support by reasons 
of cogency. _ These reasons must have relation not only to the 


“ problem of city planning, but to the infinitely more difficult and obviously 


more important problem of. city government as a whole. It is entirely. con- 
4 ceivable that a method which will give most quickly a well-established city 
plan, may not in the long run, prove consistent with th a best management 


of the affairs of the city. Indeed, _ municipal reformers, during the last half 


— Mg century, have e waged a a furious battle against special jurisdictions—park boards, 


Be: water boards, sewer boards, : and what not—each of which was justified (at least, 


4 originally) by the necessities of a particular : service, but all of which taken 
- together have tended to destroy the responsibility of the ouvindl government 


Discussion on the paper George B. Ford, Esq., continued from 1927, 


>. Prof. of Political Science, Univ. of Michigan, Ann Arbor, — 


Received by the Secretary, 8, 1926. 
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REED on CINCINNATI CITY PLAN IS NOW LAW | 
of the city. If there is a conflict of interest ‘between planning 
principles of municipal organization any doubts should ed in favor of 


os In all ‘systems: of municipal government except American, | the council has 


been the real ; governing body of the city and respected as such. h. In the United 
‘States, early in the Nineteenth Century city councils began a a descent which 
resulted ultimately in their being deprived of most of their earlier powers and 


in the almost total loss of responsibility and public respect. No better 


Papers.) 


example of this” ‘situation can be found than. the position of the Cincinnati 
Council | prior to January 1, 1996. It consisted of thirty- -one members ers most 
d.to of whom were entirely incapable of an “independent judgment on 
iable @ the government and affairs of the city. In fact, the Council had almost totally - 

s got abrogated ‘the function of determining city policies, which might normally, be 

force supposed to belong to it, in favor of the Hamilton County ‘Republican -Com- 


mittee. was not until this tolerably enlightened but wholly extra- legal 


com committee had placed the sign of its approval « on it, ‘that substantial progress | 
ques- “could be made toward the establishment of a city plan. This, 
—* organization controlled absolutely not only y the Council, but the Mayor a aa 
other. Tt is not possible to do without a municipal legislative b body. — ‘Somewhere a 
» fact te policies of the ¢ mie must be determined, if. not in a ‘popularly elected and a 
f the b 
ce of eve 
Tt is that is, to ‘put it on a “hi is ‘not 
those examine in detail the _methods available for this purpose. It i is ‘enough 
n the “point out that ‘the council cannot be made respectable by withholding from 7 
r city it legitimate legislative functions. In city government, administration 
syship necessity occupies | a more ‘prominent place than legislation. . The city is 
velop- i= engaged primarily in rendering a multitude of services which involve "a 
tories. questions of general policy and innumerable questions of ‘administrative appli- 
riance fF cation, | Under these circumstances it is no wonder that the city executive, be 
an | he mayor or manager, bulks larger i in the public eye than the council. | _ There 
easons is: all the more reason for leaving | with the council | as fully as “possible 1 the 
to the determination | of such matters of general policy as belong to city government. 5, 7 Bp 
jously City planning is obviously a legislative function. It involves the laying 
y con- § down of a permanent policy of city growt th. Mr. Ford and other « city planners 
d city will, agree that it is the most important subject of. ‘municipal legislation. 
ement § Temove it almost altogether from the > competence of the council is to st strike 7 
t half a deadly blow at the vitality of that body. It may well be. admitted that « city 7 
yoards, "planning j is a function for the performance « of which a council needs technical 7 
t least, “advice, Advice, however, is essential to ‘good Ie legislation of of almost every « con- a 
taken kind whether enacted by the Congress of the United States or by the 
council of the smallest city. : |The conditions of modern life have become so com- W 


4 plicated that x no body of men is capable of deciding well, on the basis of its own —— 
iscretion, any considerable number of the questions to o which ; govern- 2 


= nes sp rise. . Until it is ees to leave each subject of legislation to a soviet i. 


| 
| 
| 
— 
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of the experts in that subject, however, it is necessary to have legislatures. + By 


no other means yet _ discovered can the interests of the community as a whole 


be represented in legislation, 


- ‘The writer admits ‘that the ¢ old Council of Cincinnati was entirely incom- 
| to deal with the e plan of that great city. In ‘another place* he. has 
indicated his. doubts of its ability to perform representative function. 
This i is by no means true of the Council of nine which took office i in J: anuary, 
1926, This Council was elected at large and is ; adequately compensated. As: a 
result of the civic stimulus which often accompanies a new charter it is 
probably as able ¢ a council as ever directed the affairs of a large city in this. 


‘country. im In the choice and control of the city executive (a manager) it 
r one powers which make service on it worth while to men of broad outlook. 


‘The way to good councils in ‘other words, is by increasing, “not decreasing 


4 My. Ford suggests an analogy between the 1¢ adoption of a a city” plan and apt ta: 


_ regulations of a board of health, of a police | board, OF of a fire commission. . The 
an alogy is very weak. - None of these bodies has anything but a very subordinte 


power of making regulations which must in every case conform to the State 


or city ordinances relating to the subject. These: laws and ordinances 


are mo more often than not very detailed i in character, leaving « only a modicum of 


- discretion to the board. A city plan i is not only a more fundamental “matter 


than the 2 angle at which automobiles must park along the ¢ curb line; it 
subject, with which State Legislatures have dealt only in the most general 
terms. if the council cannot. legislate e with regard to it, the discretion of a 


planning board, empowered as is ‘that of Cincinnati, would nigh 
Io. The Standard State Zoning Er Enabling Act, issued by the U.S. Department 
‘¢ of Commerce, provides i in its first s section for. vesting the power of zoning in the 

“legislative bodies of cities and incorporated villages” ; and it is rumored that 


the proposed Standard City Planning Enabling will be similarly defer- 
ential to the ‘normal prerogatives of the city council. se ‘The attitude taken by 


the Advisory Committee « on City Planning and Zoning, appointed by Secre- 
Hoorge, which is reflected in these acts, seems to ‘represent a 


= 


than that of the Ohio Planning ia. 
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By Frank L. Botton, Assoc. M. Soo. ©. E. 


FRANK L. Bouton + Assoc. M. Am. Soc.. C. E. (by letter). 
years the writer has been hoping that the ‘elidtihaiiap confronting the New York — 

State Barge Canal would be opened f for discussion before the Society. ‘The true pe. | 

facts concerning ‘the Canal have been most ‘difficult to ascertain as a result 
of so much erroneous information being in circulation. All those who have 
interest of the Canal a at heart, will this paper, from one 


7” 
at this time, when “there is an n in- 


interest In In- 
ternal waterways, the ‘paper is particularly opportune. The author’s history 


of the New York State canals and his description « of. the physical features 


of the Barge Canal, enables one to visualize the growth | over 110 years, from 


a “ditch”, deep and wide, to the present magnificent waterway, 


York lives: within about of the Canal System, “This fact puts” 


canals in economic ‘position of great importance and indicates that, 


nal 
at present 1 time and that “this lack carriers is the m main reason» 


Bread the Barge Canal is not transporting the tonnage for which it was chereey . 


and to-day i is capable of carrying”, giving several reasons. 
In this viewpoint’ th the ‘writer fully concurs. ‘There are, however, = 
factors of more importance that shave discouraged boat ‘operation. They are 


“What is “wrong with the Canal? 


Before proceeding to to 
favor of the Canal, as it is to- pip 


Discussion on the paper by Roy G. Finch, M. Am, C. E., continued from January, 
_ Received by the Secretary, January 4, 1927. 
Soc. C. B., October, 1926, Discussions, 1682, 
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The writer is offering this discussion from a a dual viewpoint, first as an 


“ engineer interested in water transportation in general and in the physical 


features of the Barge Canal particular; and, second, as shipper of 
- freight, who is now using ‘the — in a satisfactory way as a dependable, the 1 


From a physical standpoint, the Canal appears to be a practical working 


“waterway. Be Without | doubt there are some changes and improvements neces- 


sary but these minor defects can be corrected without any large expenditure | 


of money by the State. As : an illustration, , the condition at the | outlet of 


7 Onyogs Lake may be mentioned. At | this point the lock walls | ud Lock) 


are so constructed that when Cayuga Lake is at its maximum : stage, the water 
is about | a foot higher than the top of the lock walls gente is impossible to 


lock boats ‘through. (This | defect design | can remedied by raising 


the lock walls and lower lock- “gate ‘1 ft. or 2 ft. During the past few 


‘seaso ns of nav igation, there have been delays ¢ at this | point because the boats 


co uld n not be locked through» until the lake was drawn | n down or until | a tem: 
porary dam been constructed along the top of the lock walls. 


As to the depth of water in the Canal, about which so much ‘erroneous 
information has the writer has, during t the past two seasons of 


navigation, loaded boats toa 10.5 -ft. draft. t. These boats have moved ed without 


difficulty - from a point on Cayuga Lake six miles north of Ithaca, , to New 
York City, as well as westward to Tonawanda and Niagara _. 


sed Having shipped 100 00 large barges loaded with salt, averaging from 500 to_ 


700 | tons in “capacity, , and having found that ‘the movements of these boats 


proceeded in a dependable manner, ‘running on a ‘satisfactory schedule, the 
writer cannot see that any pertinent criticism of ‘physical conditions | 
of the canal on be raised ba is evident, therefore, that an answer to the 
all Obviously, capital must be interested in canal operation, if | a suff sufficient — ; 


boats are to be forthcoming for handling the available 


he problem of interesting capital to- day is far different from the situation 


= could | finance the construction of one or more small boats and with a coe q 


mules co could tow them along the Canal and make a living. . The be boat owner : 
nall 


usually made his home on 1 his boat both summer and winter and with sma 


expense operation the canal thus offered a an easy | line of independent 
endeavor for individuals. ‘Under these conditions, ‘many “Canalers” | | 
entered the trade with their own ‘small equipment as a result ample | boats” | 
much competition was available fo r the Canal. 
To- day, with the enlarged Canal, the tow-path is gone and with it most 


of the small boats and the individual operators. 1 Those desiring to enter ‘into 
_ canal transportation - must obtain 1 large amounts of capital in order to ‘secure | 
modern boats, expensive towing equipment, ete. As the 


d out there are 2 single- motor ships operating « on the Canal 


author has poi 
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to -day, that co: $175 000 per unit. Here is the in the present 

ation, capital has not been interested in a large way in going into” Canal 

transportation. If it can be shown how capital can be interested, and 
ble, undertaking will be profitable, it is believed ‘that the problem. of the 

_— In addition to the aeriguad-smnges out by the author, as to why capital 7 

ali has not been interested, the writer wishes to add another of vital importance. 

a This is t the matter of a d a definite continuing s policy for the ¢ Canal, « as well as 

ad permanent personnel for its” operation and maintenance. The writer 
ck). that the author, in his” closing discussion, will enlarge on the question of | a _ 

The canals are operated by, and the administration of the Depart- 
— ment of Public Works ‘of the State of New York. This Department has r many Oe 
few other duties looking after the Canal. The State Highway Depart- 

ment, the Department of Public Buildings, and the duties of the State 
and d Surveyor all come under it. Inasmuch as. a large portion o of this: 
Department’ s work i is s highway work, and:as many of its engineers are are high- 
a way engineers, it is logical that the highway point of view predominates in Le 
= operation of t the Canal. ~The attitude of the State, as expressed through 
elk the Department of Public W orks, seems to be this: * “Here i is the Canal ready _ - 
Jew to be used, please come and make use of it”. Obv iously, this attitude | will 
“not sell the Canal to those people who can use it, as they v want to. know 

the conditions no now obtaining as to physical features as s well : as the 

nats baa attitude of the present operating personnel will persist over a aa 

the enough period of years to justify their operations OF n the 

criticism is” ‘intended on the present operating ‘personnel ; the writer’s point 

the _ of view i is that the Canal does not have a permanent personnel engaged ‘solely — 

ent now o organized, n authority, | having to do with the policy and 

operation of the Canal, hange with every change in the State Administra- 

tion, or ‘more often, this militates against a continuing ‘policy. The 

0} 

ing difficulty y of those using the Canal i in having to deal with a constantly chang- 

the personnel ‘may be. illustrated by referring to the defect i in the design 

“tal of the lock» walls at the outlet of Cayuga Lake mentioned previously. This 

defect was called to the attention of the ‘State Engineer several years” ago, 

RB but before steps were taken to remedy it, he passed out of office. The matter 

was again called to the attention of the newly elected State Engineer some 

ago, and as his term of office expired, it will probably be neces- 

sary to take the matter. up again with another official, in order to get a minor. 
‘engineering defect corrected. . With a continuing personnel, shippers would be 
doing business all the time with the and would 

into Beg rie... continuing policy, as well as a continuing personnel, must be 
ure if this splendid waterway ii is to develop properly the tonnage for which it 

the designed and appears to be . It would seem that 1 the 

nal this Canal | System, would 
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gee fit to place this large investment in the hands of ¢ a permanent board or 


- authority, to be operated on a business basis and in much the same way that 
: a railroad | would be operated h had it a capital investment of $175 000( 000. 

; The | Governor of the > State 1 New York i is now ow advocating + a ‘quasi-publie 
a organization, to be known as a “Water Power | Authority” for handling | the 


situation in the State. not a “Canal organ- 


in some e phase canal transportation, looking toward expendi 
_ tures by the State for docks, terminals, tipples, freight- packet service, ar and 
a “similar ‘items, with | the thought that these things are needed for making the 
4 Canal ‘more e useful. The writer is ‘opposed to any such expenditures. These 
matters will be taken care of and should be taken care of by private ‘capital. | 
a 4 assurance can be given ‘that the physical conditions of the Canal will | be 


maintained over of years and that a continuing — and “organ- 


fre “7 
to operating co: ‘ean be shown by past experience. 
‘The writer cannot agree that enlarging the present Canal would prove 
a greater inducement to capital to place boats in operation. suggestion 
was made that. deepening ‘the Canal from the present 12 ft. to. 6 and 
increasing the width of the channel to 110 ft, would allow self-propell led 
- barges of more than 2000 tons capacity to operate efficiently and the « carry- 
- ing capacity of the larger barges to be increased 20 to 80% with practically 
increase in operating expenses. With the possible exception of grain 
traffic, the writer ean see no economic advantage in being able to 


single units of 


2.000 tons of cargo is larger than can economically be handled by the - ship- in 
% _ ‘pers and receivers of freight. A fleet of four barges of 500 tons capacity each 
is a much more flexible 


tt tonnage on the Canal develops, 1 the grain in movement will constitute a lesser per-— 
¢ centage of the total than at present. One of the problems | facing the shippers 


of many commodities i is the inability of the consignee to take 5 in and handle 


at one time as; much 2 as 500 to 700 tons of freight. Sian the smaller 


units now in use on the Canal enable - the ‘shipper to dispatch a f fleet of 


4 several units and distribute them along the ( Canal at different points without | 


f 2 000 tons: capacity. . For general use on the Canal a unit of : 


arrangement for practically all commodities, except 
possibly grain, Looking to the future, it is the writer’s belief that as the 


a 
tying: up » the motive power during the time e required for ‘discharging cargo oat 


of It is true that the cost of operating on the Canal is reduced rapidly as the ; 


§ tonnage handled at one time increases, but it is not mecessary for low costs s that : . 


the full capacity of the | locks ks On a dra draft of 10 ft., 4 in., with a carrying capacity d 


the tonnage handled at one time be ‘contained in one bottom. — sf The author x 


a cites one carrier, that operates a fleet of five barges: and a steamer utilizing 


of 8 600 tons. With st such an an ‘operation ‘the writer cannot see 
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where any greater inducement to “capital would be offered by enlarging the 
| Canal to such a point that 2 000 tons capacity y could be handled in one bottom. % 
oa The present Barge Canal can and will justify itself as a dependable water- . 
way independent of, and without consideration for, » any deep waterway that — 
may be constructed from the Great Lakes to the Atlantic. S will of neces-— 
sity be many years before the proposed deep waterway can be put into ie 
ation: even if construction should be initiated within the next few ‘years; and > 
after the | completion of such a a deep waterway, the present Barge Canal, ‘if 
handled properly, will become an ‘important feeder for the ship canal as a 
as serving locally the territory along its course. | The question as to what 
will happen to certain | tonnage on the Barge Canal at the end of ten. to fifteen 
"years, when a ship ipa might be i in operation, has little to do with a: arriving © 
at a proper solution of the Barge Canal problems at this time. ; 
i Recognition ‘should be made of the fact that « a considerable tonnage i is now 
handled ove r the Barge Canal by shippers along its route, and that 
“these” made investments in the way of docks, Storage: 
houses, a 


to to be continually us useful. These ‘shippers 1 “must be considered pioneers, who 
pointing the way “way to a broader and more general use of the State’s -water- 


“ways and, as such, are entitled toa definite and fixed policy on the ‘part of 7 


State the present and future | status 
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| ‘OF MATERIALS A ND COSTS PER SQUARE 


joa FC OOT OF F LOOR F OR HIGHW AY AND ELEC STRIC- 


RAILWAY LONG- SPAN SUS PENSIO} BRIDGES 


MEssrs. LSTON Dana, _OESTERBLOM, P. ITMER, 


Leon S. Mowsseirr, V. EBERLY, ‘Horatio ‘Van Cleve, 


 Autston Dana,t M. Am. Soc. E— —The method used by "the author for 

‘determining the weight of stiffening | trusses has already been | discussed. As 

; the speaker understands it, the trusses were designed for convenience by the 


- g0- -called elastic theory (which has been known : for r some time to give unneces- 

sarily heavy trusses), and the weights were then scaled down by certain ‘ratios 
x so as to obtain weights corresponding with trusses designed by the ‘so-called 
‘deflection theory (which has | been recognized as giving correct results). The 
ratio used by the author was that found - in the case of the ‘aiiliadlie tind 
used in the Delaware River Bridge. These trusses were designed by the deflec- 


- theory, and the comparison nm. with trusses designed by the 2 erroneous elastic 


theory was made Jater only as a matter of interest and to bring ou 
“saving” resulting from using a correct analysis. | 


This correct analysis is not really based on any particular theory” but. 


rather on ‘the actual conditions which must obtain. These conditions are ‘that 


under the influence of temperature and live oad, full or partial, cables 
“change shape or deflect, and at all points the trusses must deflect the 
amount. The distribution of the t total load between the cables at each point 
must be such that their deflections are the same throughout. . This distribution 
; may be found by a cut-and-try process or by more formal methods. ‘a if there 
7 were x no trusses the cables would deflect sc SO as to conform t to the force polygon 


of the loads. This natural deflection is’ dampened or resisted by the use of 


= 


stiffening 1 trusses to a greater or less extent, depending on the relative stiffen-_ 


ing ng effect of the trusses, 
Two ) extreme ca eases may be considered. ‘First that in which the trusses 
are relatively s so stiff as compared with the cables that practically they by 
entirely the ‘deflection « of the e cables. . This is : Tikely to be the ease for very 
~ short. spans, 1 where the large ra ratio of ‘Bee load to o de: ad load would make very . 


stiff desirable. this ¢ case: the elastic 4 would be practically 


in other w words, that live loads s are distributed by ‘the: 


a. Discussion on the paper by J. A. L. “Waddell, M Mz _ Am, Soc. C. E., 


+ Engr. of Design, The Port of New York Authority, satin ork, N. Y. 
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The second extreme case is that in w 
that they offer practically no resistance to. the of the 
This is likely to be the case for very | long spans | where the small ratio of live 


load t to load would make stiff trusses “unnecessary. or’ this case the 
design of the trusses would consist merely | in finding the unit stresses in the 


chords corresponding to the curvature into which the trusses would be forced © 
_ by the deflection of the cables. ‘The unit ‘stress | for rany g given amount of « curva- 


“ture | is directly proportional to the truss depth, and obviously a a 1 depth would 7 _ 


to be selected which would g give permissible unit stresses, The deter- 7 A 


‘mination of the chord areas in such a case would | be a a matter of selecting . 
‘nominal cross section, of sufficient: size to ju tify the « compressive unit stress. 
These tw two extreme, cases consist then either in assuming absolutely stiff = 


rer 

trusses and designing them for given loads, using a depth to give an econom- 


ical design, as in simple t truss bridges; or in “assuming absolutely. flexible 


trusses and nominal sections, with: a and unit: stresses 


In thie latter case, the weight of would be 
many times lighter than those assumed by the author. For what_ may be 


called i inter ‘mediate lengths, however, n neither of of these ‘methods: would be satis- 


factory. ve The Delaware River Bridge is a - good example « of an ‘intermediate 
case because the trusses as as designed reduce the cable deflections to about one- 

“half the natural or unstiffened amounts. | To have designed the trusses by 


the first method would have given a result not even approximately correct. — 
To have designed them by the second method w ould have necessitated a depth 
- truss about one-half that a tually, used, in order to keep the unit stresses 
ables down to the permissible amounts. Such shallow nominal trusses not 
same adequate, however, as it was: felt desirable to resist to a -consider- 
able extent the motion ‘of the cables and towers - There ‘remained then no 
ition escape from the somewhat more complicated ‘method of correctly 
there the ‘deflections of the combined cable and truss system, and finding ‘the load 
ygon and the moments in the trusses. This may be looked 
se of at asa | process of selecting both the truss depth and the allowable unit stresses, 


a nd then of computing the necessary chord areas to give trusses of such ‘stiff- 
: ness that the cable deflections will be dampened sufficiently to keep the -result- 
- ing penny curvature down to that corresponding with the depth and allow- 
; ble unit stresses. If somewhat shallower trusses had heen. used their weight 
would have been much less, or if somewhat trusses had been used ‘their 


eight would have been greater, particular ratio found 


between the weight t of those used and that of t sses designed by the elastic © 


e+ @ 


theory is a function of the depth. bath 


For: the author to take the “ ‘ratio” found for the Delaware River ‘Bridge — 


tor the purpose of finding - truss weights for all lengths | of sp spans is, therefore, 


not to agreeing wi with the depth used for that length of “span, 


a 
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but of tacitly assuming certain depths for all other: span lengths, depths: = 


_— which there is no reason to believe are the « same as those previously « assumed 


nl, 
7 in Table 1" of the | paper. | The very pertinent criticism n that the truss weights 
_* given in Fig. Bt are much too great for the longer s spans is therefore ec equiv- 


lished by the assumed ‘ “ratio”, , are unnecessarily large for the longer spans. 


Be With this the speaker i is in n agreement, it being his opinion that a truss depth 
of about 30 ft. would give a very satisfactory truss for all length of spans. ae] 
With ‘regard to the use of -over-head bracing the author statest that in 


all the ‘designs “ ‘he has used over-head bracing, as, on general principles, he ha 3 
is opposed to pony r trusses, especially in long spans”. Pas ‘He further states: bal 
th “Tt is true that the tension in the suspenders tends to keep the top chords | 
of 7 pony trusses from getting greatly out of line; but when computing the 


top chords, it would be difficult to determine satisfactorily the iieliameell 


«Inst suspension bridges with only two trusses the trusses are 1 naturally quite 
a far apart and over-head bracing if used would be very heavy and would also. 
add to the cost of the cables and towers. . It seems unfortunate, therefore, that 


has dismissed so summarily ‘the matter of omission of over- chead 


— top chords of pony trusses are held in line not by the tension of 


alent to stating that the truss depths as given in Table 1, or as indirectly restab- 


_ the suspenders but by the web members of the trusses, “especially the verticals; : | 
and the adequacy ‘of such support depends on the depth of the trusses and 
= on the length of the span. The length of span hardly e1 enters into the 
question, for, as m mentioned previously, the truss depth is or should be in- 
dependent of the e span length. In the ease of the. Delaware River Bridge 
- was decided to omit the over-head bracing both foe eceueany. and for appear- 
The speaker made a thorough investigation of the stresses in the 
top ‘chord and verticals due to. the “omission | of the bracing. verticals 
not only hold the top chord in line but also tend to force ‘the chord | ‘out of 
= line due to the deflection of the floor- beams from live load. With a floor- 
- : beam fully loaded between trusses and the cantilever ‘Projections empty, the 


maximum inward deflection of the verticals occurs. With the cantilevers 


fully loaded and with no load between trus ses, the sa Mba outward deflec- 
tion of ‘the verticals ‘occurs. Assuming: alternate loading condition | of this 
kind along the bridge, the » ‘top. chord would be forced into a series of lateral 
waves. The shortest distance between points of contraflexure is two panels. f 


nin <2 


. For this case : it was found that the lateral stiffness of the chord was sufficient 


to resist almost completely the deflection of the verticals, s, forcing them to 
bend | back. The lateral force caused by the change in direction of the chord 


under compression was of course included in the calculations. — hel 


same ere the points of contraflexure were far apart, however, t the chord was - 
ne found to be insufficiently stiff to resist deflections and the lateral thrust from 
‘the change | in direction of the chord deflected the verticals somewhat more, 


* Proceedings, Am. ‘Soc. C. E., November, 1926, Papers and Discussions, p. 1768. 
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being the stiffness of floor-beams. Cases w 

investigated for various distances between points” of contraflexure the 

bending stresses in chords verticals computed. * Tn no case was: the 
e greater than 3 000 lb. per sq. in., » and the | 


value ‘the ‘slenderness ratio ‘mentioned by the 


author as is being u uncertain for pony trusses, th thus did: not have t to » be determined. 


‘occasion 1 to inquire of Tight-weight conerete, and his atten 


tion was ¢ called to “Haydite”, to which Mr. Waddell makes reference,t and > 
regarding which significant claims are made , evidently well substantiated 


both experience and tests. At the time of the i inquiry | copies of several test 
certificates were given, a extracts from which 1 may now be published. 


t 
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age. 
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saipp 
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pee 
bic foot. 


le stress, in 
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, in po 
pounds per 


eo 


Weight, i 
square inch. 
ensi 
days. 


Reference 


a 


pounds p 


 percu 
in 


Compressive stress 


Wetness, percenté 


~ 
= 


= 
- 


1929-37 

1920-37 
1920-27 


1920-27 
1920-26 


‘Normal 
Plastic | 
** Plastic 


110% Ib. per cu. 
t. 


* A and B= Kansas City Testing Laboratories, Inc.; and D=Bureau of Standards, 
Washington, D. C.; == Lewis Inst., Chicago, Ill.; F to ‘J = Municipal Laboratory, Kansas 
City, Mo.; K to O = Kansas City Testing Laboratories, Inc. On control tests for actual | 

4 "building operations as follows (all in Kansas City); K==Deaner Dental Clinic Bldg.; / 


L= Westinghouse Bldg.; M==Kansas City Star Bldg.; N=—Seested Bldg.; O — Central 
Junior High ‘The test reports often had the that the samples were 


Table 3, , therefore, is presented containing ag extracted averages i in regard 
to weight and strength, _also information about ‘mixture, consistency, and 
ae the ages of the test pieces. ‘Reference i is also made to the nature of the tests, © 


a many of f them having been made as control tests on actual building operations ; 3 
the the names of the laboratories are also given. af et wetter: 
Engr., Bldg. Dept., Faitoute Iron & Steel Co., N. J. 


t Proceedings, Am. Soc. C. E., November, 1926 Pa 
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From ‘Table 3 it will be seen that the | compressive strength is otal vii 


_ Evidently, the “Hay ydite” aggregate itself is equal or superior to the enclosing 
; The same is true, perhaps i ina ae measure, also ‘in regard 


r to the tensile strength. The modulus of elasticity i is quite equal to normal. a 
There are. additional qualities, own 


cement mortar. 


shown i in the certificates, but not noted 
in Table 8, which are also noteworthy. “Haydite ’ concrete is most thor- 


proof, which ordinary conerete even when well made is not; 
be 


iti is also a much safer material in very intense fire. 


Most of commonly used agg gregates have been produced by the col- 
-loidal process; they are, therefore, full of capillaries and very water- absorbent. 


‘The ¢ cement mortar is similar in nature and likewise _water- -absorbent. The 
| 3 Haydite” aggregate is _ produced by a a burning pr process; it is full of bubble- Jike 
avities, or small cells, but these are enclosed by walls, produce 


perfectly impervious. ‘Tt: is in the nature of a cellular material to aid in a 
more thorough hydration of the cement, thereby densifying the structure é) 


the mortar. The two features combine to make ‘ “a 


It is of less significance i in bri dge construction that conerete is 


especially resistant to intense fire. is obvious that it should be so. so. Having 
been produced i in intense fire there can be no 20 further changes of a chemical : 
nature when the material is again exposed “Haydite” is, 
therefore, proof to both elements, fire and water, 

If the future should bear out ° what the > past already seems to have well v5 


, established, it is clear that “Haydite” concrete is the material for all bridge 
s 3 floors, and indeed for supporting elements as well in girder | and arch bridges. 


he 3 more e the dead weight as an element of construction, the 

18 P. Wirner,* M. Am. ‘Soc. C. E. (by letter). +The writer is 
impressed with the author’s conclusions as influenced by the 
startling claim of saving weight of stiffening trusses, through ‘the use of 
“the ‘deflection theory” instead of the “elastic t theory” in ‘their design. “Such a a 


saving as s 64% in v weight « of trusses in . the case of a large bridge ‘seems hardly 
and the writer is led to question the correctness of this percentage. 
a The explanatio n of 1 the deflection theory - given by Mr. Moisseiff is is a 
“necessary supplement to the paper itself. Referring to his example, it was 
asserted that ‘ ‘multiplying the reduction in H 84 000 Ib.) by 255 ft. giv es 


‘moment of 200 000 ith. which will, reduce ‘the: bending in the 


"justification of ‘the thes of the 


horizontal dead load pull i in the cable for two different versines by. either of 
- these versines in order to ‘obtain the value of such a a relieving moment. . The r 


Director, Civ. Eng., Univ. of Pennsylvania, ‘Philadelphia, 
a 4 by the Secretary, March 4, 
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Papers.) = MOISSEIFF 
- total moment at the center of the . stiffening t truss from the dead load cable 
before the live load w was applied would be, 


G00 000 X 250 = 10 000 000 000 Ib. 
and the moment from the dead load cable stress ess after the live load was arate 


Ke 39 216 0 000 x 255 = 10 0.000 000 000 ft-lb, 
s these moments are equal, the -r moment from dead load 


The writer has made no quantitative comparison bot een the actual truss 
_ stresses in | any given case under the two methods of calculation, and is in no 


results which others may have obtained by complete 
_pereentage of saving consideration 
of a dead load relieving | obtained as described, he ‘seriously doubts 


_ whether any such percentage of saving or, in fact, any saving of appreci iable 
= 


‘proportions will result. by the use of the e “deflection theory” besa of the | 

Leon S. Moisseirr,* M. Am. Soc aper on the of 
‘span suspension bridges is of to bridge engineers. The e author 
“has heretofore been the chief contributor to the studies on bridge economics 4 
“published i in the United States. This paper thus forms the logical continuation 


Studies in bridge e economics i in English are rather of 
Soa been made « only a a few have been published. _ Engineers of other -coun- 


eb have given much attention to the s subject but their studies have been a - 
practically: Timited short- “span ‘bridges of the ‘simpler types. ‘this 
there was was good reason. . When Governments own the railroads and control by 
decrees the e applied loads and the allowable m materials stresses and pre-_ 
- seribe the startdards of the designs to be followed, the » study of the cheapest 
| bans: within the law becomes much simplified—a matter of comparing types” 
and spans based on exactly the same Tequirements and the same allowances. 
In fact, European studies are re frequently referred to as based t the “Regu: 


lations of A. D. so and 80”. in a the Governmental decrees there- 


bridges. Another more important reason is that 1 there are not enough long- 


on continent to. necessitate such studies. The 
n the United States for suspension bridges of the col 


no _ Therefore, the necessity of this - 
paper and its use for suspension bridges ‘of very long spans is not ot 


= bridges of the kind studied : are large and costly; they are not 
built every day. te During the last twenty years, that is, since the -construc- 


tion of the Manhattan Bedes,. few large suspension held have been a 
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COSTS OF SUSPENSION BRIDGES 


im the world. _ They | can be counted on the fingers of one hand: : The Bear 
Mountain and Delaware River ‘Bridges, in the | United States, the 


-opolis Bridge, in Brazil, and the Cologne Bridge, over the Rhine. — 

Long-s -span bridges are expensive either because of “the: light 


“Project requiring large funds take considerable time ‘to ripen. The 


them must be persistently. felt. before public. or private agencies under- 
™ their realization. Some well- known bridge projects have taken decades 
in “developing. Engineers, ‘therefore, will have than enough time to 


ee ‘the proposed bridge and estimate its cost. i ‘They will hardly be oor 


pelled to read off the cost of. the project from diagrams based on materials, 


fabrication, and estimates: of cost, which may be established in the year of 


eg Alt these remarks do not in the least lessen the intrinsic value of | the 
‘paper. or. A great ‘amount: of work has been done by the author and and when the 
occasion arises the planning engineer will make ‘good use of . 
i his study of stiffening trusses the author refers* to the speaker’ $ paper 


oI on the Camden Bridge, showing that “for the stiffening trusses of the main — 


Dis i is, therefore, an opportunity to — a short statement on t ‘the ne. ; 

tion theory. This theory differs fro1 m the e lastic theory, developed by 

al Mueller-Breslau, Melan, and others, in that i in the latter it is tacitly coum 

ae the cable curve remains undistorted after the advent of load on the 


bridge, while | the former takes ¢ cognizance of the distortion of the “ell 


The main considerations of the deflection theory can be witho 
vith the 
and. anchorages an elastic structure acting ‘as one ‘system, 
that is, an external cause affects the members of the entire system cel 
and on its passing the > system is fully restored to its original condition. 7 Such — 


causes: in bridges are usually live loads, wind “pressures, and te yperature 


Tn the analysis of stresses and deflections of common truss systems the 
"assumption is is made that the elastic system when subjected to the 2 specified 

~ causes undergoes ‘deformations which are so small that the resulting distorted 
system may with sufficient accuracy be treated as undistorted and the orig- 
dimensions may be retained in the stress computations. This holds trae 


for most stiff frames and the usual bridge trusses but it is not correct for long- 
span suspension bridges. The deformations of the original geometric figure a 


— 


Am. Soc. C. November, 1926, Papers and p. 


id 

| of: 
| 
4 = 
il y because dense traiic means wide roadways, heavy — the 
tio 
tru 
the 
“eal 
Ar. 
on 
iW 
| | th 
eal 
a 
q 
| 
| 
be 
| re 
] 
| | “al 
| in 
in 
q 
q 


EIFP ON costs or ‘SUSPENSION: BRIDGES 


result if the « oceial dimensions are adhered to i in the | computations. — 
ae The reason for this phenomenon is that a suspension bridge or an arch, 7 
¢ erected, forms an elastic system equilibrium under its dead load; 


iowa any live load or ‘its, equivalent « causes a distortion of the original fign 


and es establishes a new system in equilibrium. ‘The n main factors in the distor- _ aan 


_ tion are a change in length of the cable and a distortion of the. or 


oh Prior to the connection of the individual truss members to form a con- 7 


| truss and ] prior to connecting the truss ends 1 to their reaction points 


the ca ables form an equilibrium polygon subject to dead load concentrations __ 
“as transmitted by the suspenders ai and the weight of the cable itself. ‘After 


4 
4 the connection is made an additional « or live load ‘on the system dist disturbs the 


old equilibrium and a new one tends to establish itself, | This is ‘accomplished 


by a | deformation of the original polygon and truss. truss deflects and 


this” action is transmitted through the reactions of the suspenders to th the 
cable. ‘The latter thus forms a new polygon, The deformation i is. resisted 
by ‘de elastic stiffness of. the truss | and by. the work required to ‘distort the 
original equilibrium polygon into the new one. 
_ The st stiffness of the truss is determined by its moment of inertia and avd 
‘modulus of elasticity of its material. , The stiffness of an in equilibrium p polygon 7 
on the other hand is | a function of ‘the forces acting upon it. The | greater 


they are the more will be ‘required to distort the polygon. ‘Therefore’ 
oh greater the dead load of the bridge acting on the cable the stiffer the 


Let the following serve as an. by a rough example. 
oe of 2 000 ft. with a versine of 250 ft. Such a span may be assumed to 
weigh 20000 lb. per lin. ft. The horizontal pull in the cable will thus be 
i= = 40000 000 Ib. Let | a live load be e placed on the bridge, which will cause 
a downward de eflection at mid- -span of, say, 5 ft. ‘The newly distorted cable — 
curve will t thus be 5 ft. lower at its crown ; in other words, ‘its versine will 
4 be 2 255 ft. ‘The new horizontal due to the” dead load will become 
A= = 39 216 000 lb., or about 784.000 Ib. less. As is well known, the general e ex: 
pression for the bending moment at any point of the stiffening truss is given 


of the live oad for a simple less the product of 


a 


ee is a sufficient ‘illustration of its importance both as to the ee 


involved and as to the economy resulting. 4 


this example it becomes. that the heavier the bridge, 
greater the reduction of the stresses in the» truss will be. This emphasizes 


is to distort. The dead load effect “was known, of « course, ‘oe the « carly build- 


= 
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The treatment consists in the general equation 
of the curve of flexure of ‘the t truss and in deriving an expression of condition 
for the horizontal component of the cable pull, H, by equating the work of 
the external forces” acting on the cable to. its internal work of 
expression for Hi ‘solved by successive numerical This 


the truss at any point can be 
“nt explained, , the entire theory i is based on the deflection of the system. , it It has 


thought appropriate, therefore, to name it the e deflection theory. 
; _ The Manhattan Bridge, in New York, and the Delaware River Bridge, in 
Philadelphia, Pa., have been computed and designed in accordance with the 


} 


- deflection theory. “In the case of the Delaware River Bridge, the speaker has 


made a comparison of the two theories by determining the bending moments 


and shears in in the stiffening trusses for the identical al structure. 7 The results 


ate given in Fi igs. 28 , 24, 25, , and 26, which ‘show the ‘moment and shear — 


curves for the and side spans plotted for both — 


cia directly from the speaker’ 8 paper previously mentione 


aul ‘The areas snntend within the ‘on curves represent the measure of the 


_ theoretical saving effected in the stiffening trusses. For the center span the 
a application of the elastic theory would require theoretically 55 per cent. more 
material: for the chords and 43 per cent. for the diagonal web members; for 
_ the side spans it would require 40 per cent. for the chords and 26 per cent. for | 
— “Tn the actual design of. the truss: members certain minima sections had 
— to be used for practical considerations. — These reduce the theoretical saving 
to the actual saving of 51 per cent. for the chords of the central spans and 
43 per cent. for its web “members. The actual saving for the chords of the 
- side spans is 38 per cent., and for the diagonal web members 24 per cent. 
_ “The total saving in steel is 7 wae tons, or 42 per cent. , of the total amount © 


1 


aa “Based on the contract prices ‘obtained for the stiffening trusses, the cost 
5024000 Ib. @ 8.75 9440. 000 
"Silicon Je .1 244000 lb. @ 7.85 
Carbon steel. . + 1540 » @ 6.8 000 


. 


The 000 represents the direct saving effected on the trusses. 
~~ “The increased weight of trusses would, however, require additional cable 
wire and suspender ropes to sustain it, which amounts to $206 000. — Another 
- $96 000 would be required by the towers and anchorage bents. A total of — 
$302 000 would then be added to the saving on the trusses. The total a 


3 effected by the use of the deflection . theory would thus amount to $850 000.” 


In the Bridge the r reduction from the requirements of the elastic 
d theory was to about 74% of the theoretical chord areas. 
_ The speaker ¢ did not make any deductions as to the law of variation of one . 

| theory from the other or as to the | percentage e of reduction : for or various SI spans 
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EBERLY ON COSTS SUSPENSION BRIDGES | 


under various dead and live loads. He intended to show the 
4 in the “use of the elastic theory and to prove that it is obsolete and should be 


abandoned. Mr. Waddell had evidently made his ‘computations based on the 


- elastic ‘theory and afterward, realizing that it is in n error, reduced the results 
by the single comparison available to him. 
Altogether the assumptions made by the and the results: presented by 

him should be treated broadly. ‘Itisa 1 question whether he ever intended them 


to be taken as rules for design. In other words, whether the author allows” 
for the cables 70000 Ib. per sq. in., and others may go as far | as 80 000° and 
“even 100 000 Ib. , whether the same unit stresses will be used for nickel steel, 


: or whether the assumed live load will persist, the general curves and figures 
will be found to be broadly approximate. Certainly they will be close enough 
for what any engineer of experience may expect to get in 2 or 3 hours’ work. 


A. Experty,* Assoc. M. Am. Soo. Cc. E. (by letter). +—Designs for high- 


"way suspension | bridges for spans” of less than 500 ft. and proportioned for 
‘modern conerete floor- slab. “construction are probably not placed in bidding 
competition with other types. frequently enough by bridge ‘engineers. 
extension of Mr. Waddell’ ~ curves down to a 250-ft. main span would prove 
has been shown} by O. H. Ammann, Am. Soe. OC. E., that suspen- 


sion spans of 300 ft., less, compete favorably i in cost with truss spans. The 


writer has detailed a ‘two- hinged, 250- ft. suspension span (the 
side’ spans) with a concrete floor- slab. The : roadway slab measured 251.1 


| — ft. long by 19. 83 ‘ft, wide, which is an area of 4 980 sq. ft. This bridge was | 
4 -% estimated to cost $40 800, which is an an equivalent cost of $8. 20 per sq. ft. The- 


design called for adjustable hangers, and two shop- assembled wire - 


side of the roadway. There w were no sidewalks. 


— designing these shorter suspension bridges the writer believes (a) that 


 non- adjustable hangers should be used; (b) that if wire cables are re used, they 
should be earried back into the anchorages, eliminating the use bridge 
sockets; (c) that eye-bars will prove better for long- “period maintenance; ( d) 


i that the towers should be transversely battered inward d at the top, to give more 
roadway clearance at the ‘elevation of traffic ‘movement; and that” the 
eye-b “bar tension members should be cradled i in plan and also to afford 
= embedded anchorages ¢ designed the 250-ft. ‘span suspension bridge 
oar difered from the usual | anchorages i in which the tension m member passes in a 


“curve @ over r the ‘upper part down the to ‘the base. 


if it is to the of the cable a om on a narrow 


January 25, 1927. 
News- e-Record, June 21 
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‘Under. adopted by the writer (shown in Fig. 
9 (b)) the entire anchorage, in order to yield, would move forward without 
rotating. Its resistance is derived from (1) bottom friction on its base; (2) 
friction on. the sides; and (3) the resistance of a wedge- shaped section of 
earth as determined by the following consideration. ker 


Resistance 


er resistance to _— of earth i in front of wall of t unit 


w = unit weight of earth. ‘ala ture 


angle of slope of earth i in front of 
d = depth of wall below surface of earth in front. 


a = = angle with horizontal of plane « of least resistance to sliding. 


a: We = = total weight of earth in sliding wedge of unit length of wall. Al 


‘Then, , from Fig. 27 


mites ait wat wadl= tana + tani 


“as 
H (cos ans sin a a tan = W (sin ate COs tan 


In order to find: the plane of least resistance to equate (ob- 


ained by differentiating Equation (2) with H and as variables), to 


Tee, 


ers. __EBERLY ON COSTS OF SUSPENSION BRIDGES 600 
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the &g 
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solve for tan a which reduces to, 


is positive for values of i a and negative for values less, than that 
obtained from Equation | (5). — 


+ sin = cos (45 5° — 


ie also should be shown that H must not exceed the —— heavin ing 


Nig. 


o 


the allow ed must not exceed + 


The simplicity, of the new -suspending at Pitts- 
burgh, presents a bridge. architecture of unequalled beauty. With a con- 


Grete-s -slab floor : system ‘the of the rigidity of the highway suspension 
i 


Horatio P. Van CLeve,* M. C. E. (by +—This interesting 


3 paper is in the hands of “about 11000 members of the Society, most of whom 
have never "designed or estimated costs on a suspension bridge that | 
actually constructed. of them, however, are interested in engineering 
- costs as such, and in simple methods of arriving at the ore from which © 
According to the | Synopsist ‘of the ‘paper: Its: object is to any 
" engineer of good, general experience to compute, in two « or three hours, alee: 


= estimate of cost: were desired. same could probably be 


a * Chf. Engr., J. Edward Ogden Co., New York, —_\ wy = 
_ + Received by the Secretary, February 26, 1927; - 
+ Proceedings, Am. Soc. C. E., November, and Discussions, p 1761. 
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ago ie average : cost of structural steel shapes at Pitisbureh was $1. oo 
ing the years of heavy war demand this cost rose. rather shar ply but now it 


is $1.95. ‘This speaks volumes for the increased efficiency of manufacturing 


ottele that have made such a condition possible : in spite of the x rising cost 
of labor. — Since 19138, Portland « cement has a little less than doubled in cost — 


- is now falling somewhat, while Southern pine is double the price obtaining - 


COMPARISON OF COSTS | 
|MATERIAL AND WAGES 


¥ Structural, Iron Workers 


day at New York a 


to erection labor, howev er, i “Tn 1907 


workers in New York City were ing 50 per day. In 1927 
is $14.00. Theré is Tittle or no increase ia efficiency, however, an 


| day of decreased cost in this line does not seem to be in sight. Agitation 
5-day week seems to be - the vogue, and if it comes it will certainly ‘mean — 
a general ‘Increase in rates to offset the decrease in working time. 


For iron- workers wages the increase during the last 10 years has been 
16.4% per year (Fig. 28). This is exceeded by the concrete who have 
2: had an average increase of 18. 3% per year over the 10-year period. It i is prob- 

“ably fair to assume ‘that the present cost of erection labor for average 
‘ truction i is not much less than 40% of the total cost. _ Assuming that erection - 


ow s increase for the next five years at the rate applying | to the iron workers — 


_ Although engineering cost analyses are usually quite ephemeral and out _ 
J of date soon after they are printed, the quantitative curves available in this: 7 : 
4) paper should make it a fairly simple matter to revise the cost curves as con. 7 
nd is Rising costs of engineering erection labor have accompanied fairly uniform : 
4 
at 
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of N New Yo York City 0 over the 10- -year : period just ¢ ended, and ¢ that ‘material | 
remain as they are at present, , each construction dollar, instead of being repre 
_ sented by $0.40 for erection and $0.60 for all other conte; will be composed of 
55 erection cost and $0.45 for all other costs. 
eee Of course, in some items | of bridge construction ‘the erection labor cost is 
far more than 40% of the total. This is particularly true of concrete piers. - 
- It hardly seems possible that erection labor can continue to advance at the 


average rate e of the last ‘ten years, for a general ‘slowing down in n building 


affect the unit prices given in paper? ‘Table is an to sepa separate 


erection | costs s from © the totals ‘given by 1 the author, which are assumed to be 


-eorrect, and to compare them with new new ‘units based on the assumed imerease. “ 


TABLE 4.—Revisep Unit Prices ror Lasor Costs. 
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Column (5). 


nit 


ni 


price, 
Column (2) 


Percentage 
of increase, 
Column (6) 


New u 
over 


»lumn (4). 


fan 


erection 
labor 


Column (3 
Column (5). 


steel 
Wire cables 

Floor slab, including rein- 

 forcement.. 
Pavement.. 

Electric railway track.. 


6.18 | 
85.00 
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From the percentages of increase (Column | (7) of Table 4), it is | evident 
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8 of anchorages. . 
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Piles below anc chorage | bases... 


te 29 


Bao 


ag 
— that advancing | -eosts of erection labor are a matter of considerable moment | 


the engineer and contractor as well as to the e general public. 


The matter appearing in the paper is new, concise, and much to the point. 


| 


a It has involved | ag rreat deal of painstaking labor and a real service to bia 


profession 


—-WENDELL | P. Brown,* M.. Am. Soo. C. E. (by letter).+—This paper isa most 
7 valuable contribution to engineering data. Few bridge « engineers have the 


opportunity i in the regular ¢ course of their activities to determine 
_ the cost of such long-span structures. Therefore, these data will be valuable — 


as a reference and check on similar estimates for those who are required to 


heres Pres. and Chf. Engr., The Wendell P. Brown Co., Cleveland, Ohio. 30H 


by the Secretary, February 26, 1927. gift 
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‘The use of unit costs per square foot 0 of floor | of structure for a a 
- estimates is a satisfactory and fairly accurate ‘method, but it should be done 
by those who are re familiar v with the use of such data, and experienced i in their - 

_ application to the various conditions affecting the particular estimate under z 
consideration. Although 3 not in a position to confirm the estimates for struc- 


tures of such unusual length of | span, the writer judges from the unit. prices _ 


oN COSTS OF SUSPENSION BRIDGES 


used for the different classes of materials that costs per square foot are con- - 
servativeand sufficient, 
The cost of lighting, however, seems rather low, except for a very simple 
- type of of installation, but this item is a small pr roportion of of the entire cost and 
the total would be but li little affected. The use of tower “encasement, while 
permissible, and perhaps desirable under certain ‘conditions, is of somewhat 
questionable value, either from the standpoint of ‘prac- 
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By Mrssrs.  Gucox, D D. E. Davis, A. W. 
Bayarp Snow, AND Morrovu GH P. O'BRIEN. 


E. M. A Soc. 


“pr ivilege to be e associated with the 1910 to 1917 during that period 


when. the Simplex Venturi tube and registering mechanism was being developed, 

“and to take part in the determination of the Venturi tube > characteristics ; and — 
thus” to become familiar with the “development of the various ‘means of 

measuring the Venturi differential heads. It wa s particularly gratifying to 

obtain the results of the hook- -gauge method d which added im immensely to 


accuracy of these determinations, and to learn from these _experiments cc 
“ ‘the Venturi materially reduced without 


constant loss of head through the “tube. periodic 
_ measurements, this loss of head is not material, but for continuous | records it 
-* a serious objection. _ The reduction i in the V Venturi ratio to | as low as 4 to 1 


(or even : lower) constituted a decided step forward i in the art of fluid measure: 
earer the area of the throat to that of the main pipe line, the — 


efficient becnmes the pipe line for utility, service, particularly fire re service. 


‘The author should be complimented on the ‘completeness sco scope of the 


ma, A tests as this series is by far the most complete and useful data on Venturi ff 


tubes that | have been heretofore published to the writer’s knowledge. | 
“3 The results shown by the » test of the tuberculated Venturi tube were par- 


ticularly impressive. No water "department i is satisfied without a continuous 
‘9 record of the water being delive 


tub 


effect on the coefficient does 


es are very valuable, the feature that most interests the 2 operating n man is 


he continuing accuracy of the meter after several years of operation when the 
-_ and mains become tuberculated. d. These results show that while the | loss 


of head d through the tube may 7 be increased | as s much ¢ as four 0 or five times, the 
not exceed 23 per cent. In other words, it means” 7 


= loss in accuracy ¢ of an old tube and meter, due to fouling, is less than 3%, — 


oe = within the limits of observation, placing the Venturi tube as a measuring ~ 


instrument superior to any other known method. thee 


This discussion (of the paper by J. W. Ledoux, M. Am. Soc. C. E., published in mere 
ber, 1926, Proceedings, but not presented at any meeting of the Society), is printed in | nn 
ceedings in order that the views expressed may be cients before all members for further 

+ Mer. and Enegr., -Commrs. of Public Works, Charleston, 5. 


. w the Secretary, 9, 26. 
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mM. Soc. E. (by letter).t—That Mr. s paper 
an and useful contribution to hydraulic 


pee be especially appreciated by those who have had occasion to measure large 


of 3-in. or more. For or may be 7 
in individual tubes, ht develop: some deviation from the ‘coefficients 


found i in n these ¢ experiments. 


ae The effect of deposits within the tube itself on the coefficients o of discharge, 2 
is in | Fig. It the necessity of a clean 


on of mod 7 rings sand the release of air. have not been taken. Be 


Bal The wr > writer has been interested in comparing the results of Mr. Ledoux’ 7 


latest tests with the curves of coefficients shown in the - report ‘published by the 


American Society of Mechanical Engineers. § Each recog 
2h elocities substantially de determine the coefficients and that the diameters of the 
pipe proper and the form of the tube exert welatiie ely little effect. _ Each | also 
“recognizes increasing coefficients with increasing velocities, especially 
a. of 10 - *.. ‘per | sec. . Beyond that point the curves shown in the report 


‘rise. slowly, whereas those of the paper approach a constant figu 
Ledoux shows consistently lower coeflicients. A comparison between a 


; ies The explanation of the differences may possibly be found in Mr. ane€, 


t “experience > with vortex action, which tends to give incorrect readings for the 
differential head on the itself. ‘it is understood that the curves in 


« 
+ 

_ @ ential heads on the Venturi tube were observed, render these tests most author- © &g 
itative and inspire entire confidence in the results. 
_ —f It would appear that the coefficients found in these experiments may be ; 
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the TART OF VENTURI DISCHARGE UOEFFICIENTS. 
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3%, 
ring 
ig pe _ Proceedings, Am. Soc. C. E., November, 1926, Papers and Discussions, p. 1798 ad 
» 4 § “Fluid Meters”, Pt. 1, 1924 = 


cients of which on available experiments heretofore conducted, and 
it is possible that inaccuracies may have crept into some of these experiments _ 


q due to head readings, vortex coefficients 


: The writer had occasion to observe the excessive influence of vortex action 


flows were being. checked by pitometer tubes set at right angles near the 


center of the s stream. ‘alternate rise and fall of the fluid in the two 


-- manometers pointed to a vortex action and a volumetric check of water as 
measured. in a basin fully corroborated the suspicions, for a a variation of 


several per cent. was conclusively established between various runs, depend- 
on the manner in which the: vortex action was is set 
“were 36 18: in., the occasion to four volumetric checks 
in ‘a basin where accurate hook-g: -gauge ze observations could be made. ~The throat 


_ Velocities were about 20 ft. per sec. and the 


fora 30 18-in. . tube (Table 5*). these maximum variation 
was 0.008 in terms of the average coefficient. 


én The author’ 8 conclusion, that with the : ‘proper choice of coefficients the 
Venturi tube is an an extremely : “accurate measuring device, is fully ‘supported, 
and g reat credit for the experiments w which have contributed to this accuracy — 


JosEPH A. M. Am. Soo. .C. E. (by letter). +—The a author ‘has 


p 
. on which it was ayer might at one time have been considered ai interest 
only for a te xtbook on hydraulics or to a . designer of : metering devices, but in 


oa the preparation of the tables and i in his comments on the data collected, Mr. 
si Ledoux has made it plain | that the tests are of importance to ex engineers in very 


a 


much broader fields. In — tests and the brief summaries thereof 


and the uniformity of a accuracy for in age 

are important to the designer, purchaser, or user of enturi tube equipment. 
= The designer may « obviously ta take more @ liberties to obtain t the desired objectives 

without affecting the a accuracy. The purchaser er or user is provided with definite 


sll data by which to compare the ; accuracy. of different sizes and ratios of Venturi — 

series of tests reported in Table 4§ are impressive. Some engineers 

ve questioned after experiencing loss of accuracy i in meters | 
Giahedatlile in the throat and mouth sections of the old, all-i -iron, Venturi 7 

better results would not be assured by providing a a “complete 
up-stream section and throat. It seems apparent from. this ‘series of 


tests that the ae and extra expense for bronze throat and mouth ¢ con- 


Engr., Peas. R. “Water , Philadelphia, ‘Pa. 
wa Received by the Secretary, January 19, 1927. q 
§ Proceedings, Am. Soc. C. E., November, 1926, Papers and Discussions, P. 1793. 
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s are substantiated. ‘Like other er things, however, satisfaction as as” 
-yegards continued : accuracy is ‘diminished somewhat by observing the loss 
- for corresponding quantities, as reported in the last column | of Table 4 


The writer is impressed by Mr. Ledoux’s remarks as to the a accuracy —<— 


the tube. — As a user of this type of equipment, it is comforting to know all 
vi “these important characteristics and that the manufacturers: and designers go 
to such lengths s and expense, as is evidenced by this series of tests, to sub- 
; stantiate calculation and design. In In some cases it may make little difrence a 


to the user whether the coefficient of discharge of his Venturi tube i is 0.930 or : 
0.970, but he should be quite concerned as as to whether the e designer knows this 
and > whether or not he has accommodated his equipment to this fact. _ Rive 2 


engineers data, that “are usually. to by firms 


x 


The writer has publishedt the with its derivation, for 
the coefficient of V enturi | meters, 


, f, and f, are the ‘coefficients 0 of friction for clean cast-iron pipe weed by - 
late Hamilton Smith, Am. Soc. C. E. The other notation is shown 


0 2 4 6 10 12 14 #16 18 20 22 24 26 2% 3 30 


o 


| 


Value of Coefficient C 
o 


ry 


1e formpla “was a som f 


brass, conical nozzle with various sized tips. 


a 


The close agreement of this. 


4 * Prof. of Hydr. Eng., Univ. of Pennsylvania, Philadelphia, Pa. 
Received by the Secretary January 5, 1927. 
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formula: is shown by Fig. by 2-4 -in. Venturi 
meter (Builders Iron Foundry) and by comparing the curve in Fig. 5 for 
_ the 12 by 6- -in. meter with Figs. 2* and 3 + in the paper. . Recent tests on 


darger meters have not necessity for. changing» the formula, 


‘Tests of a 
mond, M. Am. C. at the Polyte leis Institute, Brooklyn, N. giv the 
an average value of of 0.971 from 10 to per sec. The effic 


volumetrically and ‘confirm tests ‘of Simplex Venturi meters in the 


Uva 


writer found such a close agreement between the 4 by 2-in. Simplex to t 
meter and_the 4 by” 2-in. Builders Iron Foundry V enturi meter 


in the Univer: ersity of Pennsylvania Laboratory that he has collected coefficient 


‘Hydraulic Laboratory of the University of Pennsy vania, 


- curves of several Builders Iron Foundry Venturi ‘meters tested in reliable — 


. college laboratories. These are shown in Fig. 7 and were obtained from all 


(a) 86 16-in. at W oreester Polytechnic Institute, C. M. 


‘Throat Velocity in Feet per Second 


+ Loe. 


Mu 
ut 
‘a 
q 
4 
| 
Fie, 7.—CoEFFICIENTS OF BUILDERS IRON Founpry VENTURI METERS AT VARIOUS of | 
Am. Soc. C. E., November, 1926, Papers and Discussions, p. 1794. 
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by 2-in. meter at The Harvard H. 


30 by 15-in. meter at Massachusetts Institute of George 


eo 4 by 2-in. meter in ‘University of Pennsylvania Civil ‘Engineering 


5 by 23-in. meter Pennsylvania “Mechanical 


neering Laboratory, Ken 
. Curves a,b, Cc, c, and ad (Fig. 1) are about 1 what : should be expected, but Curve 
dis very low. The discharge i in this case was measured by a 10-ft. ‘suppressed 
weir ; probably the error does not lie in this fact but rather i in that the nme 


is , placed shortly after a a large side- suction centrifugal pump which discharges _ 7 q 


the water in the form of a free vortex. * - The result is a lowering of the co- 
“efficient, as the tangential velocity varies inverse sely as the radius ; that i 


v varies a8 - as — + Co onsequently the Venturi head would be greater than that due — 


to the axial velocity only; hence the reduction in coefficient. That this is is 


- possible i is shown by ‘Fig. 8 giving tests on a _ small brass V enturi meter, using 
vortices of various angles. 4 


GENERAL ARRANGEMENT OF APPARATUS | 


Main 
43 12" 
A234" 2" W, Pipe 

4 


a 


BY 1-INcCH VENTURI METER SHOWING ‘THE EFFEcT OF PAssING 
: _ THROUGH It IN FORM OF A FREE VORTEX. 
The writer the « discussion * on on matter by Mr. 


f Headin Feet 


OSs 0 


an increase in is obtained. This ‘the writer has also confirmed 


Abstracted in Pt. I, ‘Special Research Committee | of Am Am. Mech Engrs., 
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beg PARDOE ON VENTURI ' ‘TU BE 
experiment. Hence, a free vortex will decrease the coefficient: and a 


forced vortex ice varies as r) will increase it. - Incidentally, he believes the 


TS - free vortex more e likely to form and persist in a. straight pipe than a a forced | 


= with high tangential velocity at the wall of the pipe. ff 


TABLE 7.—Test or 2 BY 1- WV. ENTURI Meter , SHowiNe THE OF 
Up FROM THE 


2x 1 Venturi 


——}+ | 


= 


Vt. 


45.8 | 0.985 
41.2 | 0.988 


BS 


= 


cesesssss= | _ 
SSZZ2R22R5 | * 


> 
OD 


acd 


has said on the effect of adjacent elbows s and partly closed 


valves: on the coefficient That this has been over- -emphasized is shown by 


a Note: “Results p plotted bre the. averages of r< 
vefficients of 17 and 30 ft_per sec, throat velocity ra 


“Value of Coefficient C 
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SNOW ON Vv ENTUI RI TUBE CH HARACTERISTICS 6 
In all « cases the coefficient has as appeared to be abnormal it has 
heen due to a vortex, either forced or free, and the meters could be made a 
‘to by means of a a straightening \ vane in their up-stream 
a Mr. Ledoux arrives at the conclusion that the coefficient is 0.977 maxi- 
mn, and increases with the velocity. Builders Iron Foundry, as 
| as the writer knows, u uses es 0.99 for all sizes and velocities within the range 2 of 
its recording ¢ device. wr iter believes that ‘the coefficient varies both with 


velocity size ‘a although there are tests which may not confirm 


Venturi meter is much more accurate than the weir slightly less 

than the orifice. Its chief advantage over the orifice lies in the fact 


“that the loss of head in the Venturi meter is about that in the ‘orifice 


. Sow,* Assoc, M. (by etter). +—The correct 
liquids is of to hydraulic | engineers that all 
should weleome any data that « contribute to the accuracy a and refinement with a 


which measurements may be made and interpreted. _ The question, however, of 
whether 0.96 or 0. 985 s should be. used as. the coefficient in a given case, ple 
apparently of ‘eonsider able importance, is occasionally of "relatively 


_ The writer has recently superintended tl the change of of a Venturi meter tube eon 

a sewage discharge main to prepare for | the larger flows anticipated under - new — 
conditions. . The ‘old tube had been in use for twenty years. Although: it was a 
known that industrial wastes built heavy deposits in the grade sewers tributary - 

to the pumping ‘station, ‘no one’ had thought that such formations would oc 1 occur _ 
in the throat. Pumpage rates ‘of 11000000 to 11500000 gal. per per day were 


apparently the dest that: could be with the present, equipment, but as 


When the throat section was removed a thick formation of trade wastes, 
ensisting principally, y of of carbonate of lime, w was noticed. The ¢ condition of the - 
meter as a whole is shown on Fig. 10. The 15-in. throat had been reduced to a 


snooth surfaced passage almost | circular in cross-section and only 124 in. in 


diameter. The deposits up stream from the throat were thicker and more 
irregular. Computations based on these measurements indicated that the meter - 
had been registering more.than 50% in excess of the actual quantities: pumped, 

or expressed differently, that a correction factor of 0. 63 should be applied to 
recent readings. No better information being available, ‘it has been assumed 
that this correction factor would decrease uniformly from 1.0 during the time -=g 
‘the meter tube had been in service. . When | the deposits were removed from the ek 
art of the tube to remain in service, it was noticed that the tar coating was in 


the register indicated that the pumpage, which under identical conditions 
formerly been ‘Mmeasu ired as 11 000 500 000 gal. per now showed 


i- * Res, Engr., South Essex Sewerage Dist., Salem, ! 
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as 7 000 000 to 7 250 000 ‘aie yg: , thus checking the computed correction — 


This change: was made in April, 1926, ‘and recent measurements have shown | 


deposits approximately 0.1 in. of a consistency similar to of 
i 


‘smoothly troweled coment mortar 2 or or 3 3 hours old. 


LONGITUDINAL SECTION 


oF 
origina 30" 
Aver, net diam,-27" 


megs 


question is ‘not factor of 0.96 o 0.985 be 


‘ioe but can the areas at the piezometer rings be maintained within reasonable — 


limits of the original ; in other words, can the Venturi tube be depended on for 
measurement of s sewage and trade 4 


Morroveu P. O’Brizn,* Jun. Am. Soo. C. E. —The geometric 
similarity of several groups of the tubes listed i in Table gives an opportunity 


to check the laws of dynamic similarity. . - Although the tubes were probably — 


- not of as exact scale as would be used in model tests, nevertheless the results — 


a are in fair agreement with the theory. It would h have helped greatly in extend- 
i ing the theory if other liquids had Deen used in addition | to water and if the 


ee |S is usually assumed that the head loss in any sort of closed pipe varies 
with the velocity ‘the diameter (d), the acceleration of gravity 


which Y, are numerical coefficients. Applying the y of 
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ON 


to ‘the theory of namic aft is the same for two 


d 


geometrically also has the same value for both tubes. 


‘Therefore, since g varies but little, , the conditions for similarity are that (1) f. 
varies with D; and (2) f and D vary with V?. That Venturi tubes do not 
exactly fulfill the second requirement is shown by ‘the values of n in Table 1 a 
but as these values have an av verage value of 2 in Mr. . Ledoux’s neue formula, 


Be 
the characteristics of groups of geometrically similar tubes should af 
| ‘sgreement equal to the degree of approximation of | this formula. In Figs. 
, 12, and 13, values - are against which i is to 


inl reducing the head loss and v velocity to values corresponding toa throat diameter 


of 1 in. For equal: values of the corresponding values of — seem to be 


greater for the smaller sized tubes, showing a scale effect which would have 


to be taken into account in pr predicting the loss of head i fae a a large Venturi tube. - 
ie However, in Fig. 12 the curves for the 36-in. and 2- -in. tubes lie between those - : 


ts ss In the general formula for the — of head, the viscosity of the liquid was _ 
- “Tot considered. Including the kinematic viscosity, K, in the general ex- 


es where z and s are unknown ‘numerical coefficients, the relation becomes, 

a values of and z are to be determined experimentally, but the 
a peratures are not given aa as the general formulas do not include d as a 
‘variable they cannot be ev aluated from the “values given in Table The 
a Viscosity undoubtedly : accounts for the scale effect, but as its influence 


decreases with increasing turbulence the agreement should b be best at high © 
throat t velocities. ‘This is substantiated by Figs. 11, 1, 12, and 18, i in which, » with» 


The. quantity discharged 


| 
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ee a Venturi meter depends on the areaof = $$ 
va ection, A, oper¢ 12 eration of o vity, g,and ¥ : 
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32223 eoe 


ail 


2.0 


\Ratio of Diameters 


32322333332 
— 


Values 


Wiz. 


— 
| | off 
— 


and applying the principle of dimensional homogeneity, in terms” 


Adding powers of the same dimension, alld 


28 
and the original | equation becomes, eu 
g g ht h3 


may be replaced for so that, 


4 


Ratio of Diameters == 1.5, 


Mb 


reads are in proportion to the other linear dimensions, h may be replaced — 


As — is proportional to C, equal values of | 


of in all similar ‘tubes. Tf Kwa constant, of 


(V d) should give: values of 14 and 15 show such for 


* “Hydraulics and Its Applications,’ ’ by HL Gibson, Van Nostrand Co., 
124; Report on Fluid Meters, Am, Soc. Mech. Engrs. 
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by the scale, there is fair agreement between the curves which tend to converge 
the higher values of kinematic viscosity varies 35% between 5) 


_ and 75° Fahr. and 10% between 60 and 70° Fahr., and it seems certain that 


some of the discrepancy would be eliminated by taking the water temperatures 
into account. If liquids of varying viscosities were run through these | same 


and CO could be _ obtained fer each we of similar tubes. 


This is s the method which Osborne Reynolds” and Stanton and Pannell used 


A 


"8 Table 3* shows, that the average values | of the coefficient vary 


_ only 4.4% for velocities between 1 ft. and 30 ft. per “sec. at the ‘throat. - This 
means that using an average coefficient for all velocities would give errors of 


‘only 2 per er cent. Table 3 (b), which gives the percentage difference between 


the actual discharges and the discharges | as computed by the average coef- 


¥ ficients, shows that the accuracy of a Venturi tube is ; less than that of a 


Table 8 the values of n and a, for the different groups of si ‘similar tubes, 


a rather astonishing variation. They do not seem to with the 
throat diameters, the ratio of di diameters, or the angle | of ‘divergence ; the only 


apparent relationship i is that high values of a a are accompanied by high values 

. of n nm as would be expected. The usual assumption in n regard to an ‘equation | 
_ * expressing a relationship between measured quantities is that it will be a 1 con: 
' tinuous fu function and the _— continuous function which would relate n, a, 


and d would be periodic. | ‘3 Studies of pipes, orifices , and weirs | do not show | 
reason for believing this to be the case, since the throat velocities were 


above unstable region between sinuous and non- sinuous flow. 


_ Whatever may be the cause of the variations in in n, a, it is evident 


‘that the Venturi tube is extremely sensitive to small changes in construc: 
‘tn * and it necessary that each should be if an 
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“accuracy. better than 1% i is desired. It would be interesting to a the 


performance of two commercial tubes of identical dimensions. 
TABLE 8- —VALUES OF ” AND For DirFERENT Groups. OF To. 


d. | 


No. 


re im degrees. 


of i 
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| 4 1.94 


testing as a means of studying large- sized 

they bring out no serious contradiction of. the theory. If Tests 5 and 17 had > 

‘been used to predict the performance of Tube No. S| (Fig. 12), the error would }. 

have been less than 10% in the discharge. or loss of head; and if ‘a previous | oa 
study had shown the approximate amount. of “scale: effect”, the error would 


> 


have been much less. While a 10% error would not be permissible for a 


| Venturi tube, it would be allowable in the case of other hydraulic structures — 
it is impossible“to test the full-scale prototype. 
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E DWARD M. CRAIG, JR. 4 


H M. Am. ©. “(by ‘Matter r).$—Mr. has 
‘earned the thanks of the profession f for this paper summarizing | his studies of 
=. the storag ge required 4 for stream- flow r regulation. 


ise 


For about ten years the w writer was is here of the investigations of the 
a cart water storage and power possibilities of New York State made by the Com 
 serva ation Commission. Most of the results of his | studies were embodied i in 


- the Annual Reports . of that Commission for the y years 1911 to 1921. ~ Attention 
: is invited particularly to the 1919 Report in which is given a set of duration — 
5 curves of most of the streams of the State and also ¢ curves ‘showing the rela- 


tion between ‘duration curves plotted from daily and m monthly flow P-values, 


Herewith ar are submitted two diagrams (Fig. 34 (a) and Fig. 34 (b)) 


= stream flow regulation, , typical of many similar diagrams, which were n not 
published. ‘Fig. 34 (a) shows the regulation that could have been maintained | 
100% of the o time, that is, continuously, on various streams with given amounts ~ 
of storage. ‘These curves were plotted from data obtained from mass 


duration curve studies of the streams in question. ‘Fig. 34 is ‘similar to 


+ 


of the time for given amounts of storage. 


ys tae It was the v -writer’s intention to prepare and publish ta reports 0 of the 
Conservation Commission similar curves for all streams in the State of which 
_ there were reliable stream- gauging records; but the decision of the Legislature 
to. cease making» appropriations for w ater power investigations prevented this. 
it was believed that these ‘curves, used in conjunction with: comparative: 


hydrological and topographical | data, would have afforded a _ means of | 


ae 
—_— 


making s torage and regulation studies. 


paper by. ¢. M. Am. Soe. C.. 


—— * This discussion (of the paper by Charles E. Sudler, M. - Soe. C. E., published in 7 | 
December, 1926, Proceedings and presented at the meeting of February 2, 1927), is printed 
_— Proceedings in order that the views expressed may be brought before all members for 


Chf. Engr., Hudson River Regulating Dist., Albany, N. 


$ Received by the Secretary, December a, 
_ § Proceedings, Am. Soc. €. E., May, 1926, Papers and Discussions, p. 1036. 
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STORA FOR THE REGULATION OF that « 
i? 
4 . 
| | 
340 
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| 
4 
= 
.. entitled “Stream Regulation With a 


“Reference to to Irrigation ‘and were his studies of storage 
‘reservoir r operation. ” Subsequent studies a along this line have led to the = 
4 that careful examination of of the e hydrology of a water- shed will make it it eed 7 i 
_ in the actual | operation of a reservoir to g¢ to get = 85 to 90% of the so- called 
ymbol Stream Drainage Area 


Ausable | 487 Sq. Mi. 
— 

__ _ 
| 
ote: Streams Regulated 


an 


=f 
a 


; 


- Storage in Million Cubic Feet p 


Li itt | 


Regulated Flow in Cubic Feet per per Square Mile fe 


Fie. 34 CURVES OF VARIOUS STREAMS, SHOWING 


in LEN Hazen, + M - Am. Soc. C. E. (by letter). + This paper « contains a con- a 
tribution: of real importance to the methods of making storage calculations. ‘ 


: The use ¢ of a mass curve, in w hich is shown only the accumulated surplus or 


ency as compared with the mean, permits a more convenient ; representa- 
tion: and accurate study of the data. This is particularly true for high rates" 


shows the method applied ‘to annual quantities, but it is equally 
- applicable to ‘monthly quantities ‘and can be used for the whole storage caleu-— 


lation for the higher rates of draft. The calculations may be prepared ie , 


otting on calculating machines and with full | check- 


= 


ae 


* Proceedings, Am. Soc. C. E., April, 1926, and p. “614. 
+ Cons. Engr., (Hazen & Whipple), New York, N. fo aa 
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“HAZEN ON STORAGE AND REGULATION OF STREAM FLOW [Papers 

It. may y be recalled that in the writer’s paper entitled “Storage to Be Pro- 
vided in Impounding Reservoirs for Municipal V Water ‘Supply, published 


in 1914 and subsequently herein referred to as the | paper of 1914, storage was 
divided into two “parts, ‘namely, seasonal storage, or the storage required to 


bined 
ation 
skews 


hold the water of the wet part of any one year and make it available i in - dry | aie 
months next following, and, annual storage, or ‘the storage of water held more porta 
than o one seas¢ season and - finally drawn ‘in a 1 ye ear when the rate of draft “exceeds ‘dryes 


. ane a For storages up to the mean flow of 5 a ary year, seasonal storage is all that 


need be considered. r For higher rates of draft an addition for annual storage 
“must be made. . For rates of draft « closely approaching 100%, and e: especially 
‘the West where flows are regular, the annual storage becomes the 
ai _ The author checks both the methods of calculation and the amounts of 

‘seasonal storage of th the paper of 1914 ina way that i is highly gratifying. — This 
“part of the storage, e, especially for Eastern streams, frequently represents the 
whole range of use and interest. te WwW ‘ith annual storage, “however, and i in the 


“methods of combination of seasonal ‘and annual rien divergences: are found 


In the 19 1914 paper ‘the two kinds s of storage w were y added. The ques- 


tion was then raised as to whether « or not this is procedure was accurate. t Subse 


_ quent study showed that it could be improved. _ The highest annual storages 
and the highest seasonal | storages did not occur same years. If the 
"seasonal storages were | arranged in the order of magnitude and the annual 
~ storages were placed opposite the various years as they occurred, it was found 
that the annual storages were not all grouped at the e upper x but that asia 


The simple addition indicated too much s storage rates of 
draft. Trials were made of adding the annual storage for a 95% dry year 


to the seasonal storage for a a 10% dry 3 year to get approximately the total storage ih 
for a 95% year; and also the other w ay about, of adding» the seasonal 


fe 
storage for a (95% dry year to the annual § storage for the 85% dry year to 4 
roduce the s same re esult, ae Both gave results that came somewhat closer to the % 


we _ ‘The test o of the accuracy of the procedure has been that the sum of storages 
2 omputed for ‘the higher rates of draft must be equal to the sum 0 of the cor- 


| 


responding actual storages for a “number o of streams with the longest records. _ 


The comparison of one or two. streams not enough. The longest records at 
; hand are not long enough to smooth out the irregularities ; the considerable 4 


variations between results obtained from different streams are considered 
to be matters 0 of chance and the average of all is taken | as ‘the criterion. soul 4 
The next method tried was called the : square ‘root ‘method. Tt the t two kinds 
“of storage followed exactly the normal law w of ‘error, it be possible to 
combine them into a single series by a a ‘mathematical cal process, namely, by 

the median values and finding the ‘standard ve reriation the 


* Transactions, ‘Am. Soc. Cc. Vol. LEKVE p. 1539. , 
t Loe. cit. » PP. 1602- 1603. 
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Papers. HAZEN ON STORAGE AND OF STREAM FLOW 


bined series as the square root of sums of the squares of the vari- 
| ations of the two separate series. inp 


As. the curves indicating storage are not normal, but are more or 
skewed, the calculation can only be applied to parts of those series so short — 


that the deviations of those parts from the normal law of error are not im- 


portant. This c can be. done by taking the ends of the curves representing the — 


‘dry: est years of a series, , where they are approximately straight, and continu- 
ing them as straight lines across the diagram. we Figures taken from these lines 
may be combined as previously. It was found that this method gave results 
agreeing for very dry years 's with the actual required storages | computed from 
the long- term records of a few streams, but for less dry years thei there e were om . - 


‘The reason for these divergences turned out to be that in the series rep- 


resenting annual s storage many of the terms , frequently more than half of 
| 


them as shown by 1 the extended straight line, were negative. Actually, the 
_ negative terms do ‘not exist. The calculation had been made as if they did 


— exist and the result was that these theoretical negative values pulled down 


“the results and | the calculated too low very end 


sing the 


fix a second ‘point. : second was obtained plotting the sum of 


a the means of the two series on the 56% line, the latter being based on an 


actual count of terms in 1 comparable data for Eastern streams. These two 
points were then -eonnected by a straight line on arithmetic probability paper 
and values for the ‘rita dry year, and other desired intermediate points, taken — 


Lau In applying md method a rather long series of simple calculations and 
‘drawings were made once for all, and the tables and curves prepared, which 


since been « checked with actual, records of as ‘many, streams as have been 


found available. This method, although arbitrary, is the most 


to. 
that the writer has found. Tables and curves prepared in this ‘manner have 


The» writer feels that this method has been tested by practical ‘experience 
to the point where, within reasonable certainty, 1 it is in accordance with | the 


Wins 

facts and is a safe working ‘method; but a better theoretical method of e com 

_ The author’s estimates for required storage for the higher ‘rates of 


where annual storage is involved are much lower than ‘those reached by the 
k 


S writer in 1914, ‘and in his subsequent. work . The ‘difference seems to be one | 
An cine 


The original ‘method was to assume an an indefinitely. large reservoir full at ees 
| a the beginning of the record period; to compute the maximum depletions occur- 
as ring in successive annual periods ; and to make a a Series” of these depletion — 


values, ~The amount of storage required to maintain service ina 95% dry 


American Civil Engineers’ Pocketbook, 4th on, 1920, and American Works 
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"HAZEN ON STORAGE AND REGUL. ATION OF STREAM FLOW 
a ‘year was taken « directly from the curve of these results. a In other words, with 


an assumed constant draft and unlimited storage, the storage shown by ‘the mainta 
_ ealculation i is that which would be exceeded during 5 years in 100, or in what culatec 

ever other ratio was desired. ult it oug] 

my he author has followed. another assumption, namely, that the "reservoir be ad 
_ was of limited size (the size to be found by the subsequent procedure) and public 


‘that, it was once emptied (by failure maintain full service), the 


record up to that pc point was closed and a new 7 calculation 1 was started with the § gineer 
reservoir empty and carried forward in n the following years. requir 
Hall, Assoc. M. Am. Soe. C. E. » made * assumptions i in regard mean 


to this on a still different basis, which also produced results smaller than an ex 


may y be it is a fair field i in which each hes his choice 


As a matter of ‘practical procedure, in order that the results 
y may be useful and safe, it is necessary that the assumptions should be reason- a 
ably in accordance with the conditions of actual of that” 
‘Using the writer’s method and applying it to a 95% year, 
seems to be the best ordinary be basis of rating water _supplies the United 
o States, there is a probability, as stated in the Water Works Manual, that the ar. 
full supply ean be maintained for 95 out of each 100 years and that in the Z| 
a other 5 years, there will be shortages with deficiencies ‘Tanging from 1 to 10% i. 

(to somewhat more than 10% at long intervals) and averaging about 6% -” Bia 


all the years of shortage, these being 5% of the whole number. 

With the assumptions made by the author it is clear that smaller _Teser- 

a voirs would result and the deficiencies for the years of shortage would be n more a | 


than 6% and might occasionally be very much more. ._ The author may have 
had power- -houses in| mind it in making his assumption, but the writer confines 


remarks to calculations s for public v water supplies. may be that this 


difference i in point of view goes to the heart of the matter. 
“pe 
In the writer’ conception of the problem, there i is no thought of stopping 


draft for any interval when the reservoir is empty, or of limiting it to the 
~ natural flow of the stream for that period, or to any ny other greatly reduced al 


amount. ‘Instead ‘it is his idea that as storage becomes depleted, consumption 
be curtailed by measures known to water-works men, such curtailment ¥ 
exceeding about 10% of the normal output, and that the storage provided must 
be sufficient to maintain such slightly reduced service throughout the whole ey 

dry period and until larger flows are again available. the: 
. = The author has kindly furnished in his paper the ne necessary data fora com- int 
"parison. ‘Referring to total required storages on the Croton River,}+ and pass- the 
‘the higher rates of draft which are considered impracticable or inadvisable 
_ a in the _water- works business, it is sta ated that, for a draft of 0.9 of the mean . om 


, ¥ flow, the computed storage by | the author’s s method i is 0.69 of the mean fl flow for Ba 
1 year. From the actual record for 47 ‘years he finds: that this storage would 
_ maintain the desired 1 rate of draft for 43 years, or 90. 0.4% of all, with at ‘ 2g 
1 Pransactions, Am. Soc. C. E., Vol. LXXXIV (1921), p. 249. 

Proceedings, Am. Soc. C. E., December, 1926, Papers Discussions, p. 1935. 


Papers. 
1 
— 
> 
| 
4 J 


EN ON STORAGE REGULA ATION OF STREAM 


maintaining supply for all but of number of 3 years, the 
“culated amount of storage falls short in 9.6% of the years, or twice as often as 
it t ought 1 to do. _ Moreover, by the author’s calculation i in one year there would | 
be a shortage of of 22% i in 1 available supply ° which is an intolerable assumption in 4 
‘x For comparison w ith this, following the method of ‘the. e American Civil i 
gineers’ Pocketbook the American. Water ‘Works Association Manual, the 
required storage estimated by the writer for draft is 0. 93% of 1 year’ 
mean flow. _ The storage over that computed by the author, 0.93 instead of 0.69, 


an excess s of 0.24, 24, is | sufficient to absorb the entire deficiency found ead roe 


C.V.= 0,24 Dry 
| 
> 1= Seasonal Storage (All agree) 
y 2= Annual Storage (Hazen) 
—— 
So. 
Civil Eng. Pocket book 


Capacity in 


“4 
Reservoir 


_ Percentage of Mean Flow that can be utilized (Aap age 


on ‘Fig. 35. calculations all to one “ease, 
case is | a representative one. Line shows the seasonal storage and it 
in regard | to this line that there i is complete agreement between the author end 
writer. 2 shows the annual storage as computed by the writer, that 


the storage 2 required to carry the dry years. This is over and above 


does not include seasonal storage. It is ‘separately ‘computed by a 1 procedure 
described i in the paper of 1914. Line 8 3 is that found by the addition of num- 


- bers in Lines 1 and 2 and represents total | storage as used by the writer in 


4 is from the figures in the . American Civil Engineers’ Pocket 
boo 


k, and results from the : the application of the procedure that has —_ bri 
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— ON STORAGE | AND REG ULA ON 0 on 


KP The suggestion is ‘made to water- works men that the values for storage 
—_ in the American Civil Engineers’ Pocketbook will probably be more com- ee 4. 


 fortable to use in the long | run. at the s 
7 ait The study | of storage on a . tributary is interesting. The writer has an ar ‘eed 
_bitrary” rule which seems to be i in substantial agreement with the diagrams | pre ~ assu: 
sented by the author. This to the effect that storage on a tributary on 
Eastern streams up to ainda 0. 9 of the mean flow is substantially as useful tion: 
as a like amount of storage in a reservoir controlling the entire catchment. “man: 
_ Additional storage is less useful and even a 1 very large reservoir on a tributary write 

is not useful | beyond the equivalent of one year’s flow to it. 

| W. ARMSTRONG, Am. Soc. E—The author's method of 
_ siti ig the coefficient of variation is novel and interesting g. The utilization of Loy 
oe = “storage” y ears, which are intervals between times of like conditions i in the @ | 

‘Tun- 1-off eyele and may be of varying Jength, undoubtedly p produces a more 
The 


_ accurate value of the ‘coefficient than may be obtained by the use of calendar 
"years. A This ¢ draws attention to to the fact that i in ¢ arithmetical computations 
of ¢ deficiencies of flow some inaccuracies in the 1 values obtained may result 
from u using calendar years” rather than ‘ ‘storage” years. Whether ‘such errors 
ever be of sufficient importance to justify the ‘greater amount of labor 
required for ‘computing | with “storage’ years is is a question. Of course, in 
determining deficiencies in n flow by graphic methods with a mass ‘curve, the 
‘The values of the coefficient of variation n of the e Croton Ri g 
They seem to indicate that a reliable. of the coefficient “cannot 
be obtained from a record bogie fewer er than al about twenty years. It would be of ' 


interest to have the author’ opinion as to > the shortest length of ‘neces: 


sary for the determination of a 1 satisfactory coefficient of variation as 


> 


H. Axpen Fosrter,} Assoc. M. Ax. Soo. . (by letter). §—The writer was | 

rather closely connected with many of the studies on which this 
is based, and therefore hen examined it with a great deal of interest. I “mo 
e reviewing the analysis and methods given by the author, after an interval of a 
3 several years, the writer is again convinced that they are logically developed ew 
from the general ‘assumptions o1 on which they are based. These assumptions 


—The duration curve of daily ‘ow for the 95 dry year any other 
ary year) i is directly proportional to the corresponding curve for the wef 


; _year, the proportional factor being the ratio of the total flow i in the dry year 


* Div. Engr., Board of Water Supply, New York, N. Y. 
Proceedings, Am. Soe. C. E., December, 1926, Papers and 


¢ With Parsons, Klapp, Brinckerhoff & Douglas, New York, N. Y. 
Received by the Secretary, Januar 8, 
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i 


2.—The mass curve of daily flow for the dry year is directly proportional 


t * ‘the corresponding ¢ curve for the a average year, with the same proportional 


t 


The year requiring the greatest seasonal storage also produces the 


4.—The maximum annual storage i is required i in the same year 


would probably be impossible to prove definitely that any ‘of these 


" assumptions is true in all cases. o On the other hand they undoubtedly a evel 
descriptive of general conditions in Nature. 7 theory based on these assump- 
tions m must be considered, therefore, as reliable i ina qualitative or relative 
manner, but not as giving absolutely p1 precise results in any given ‘ease. The 
_ writer believes that the tests given in the paper clearly illustrate this point. 7 

Moreover, the author indicates, a stream- flow record covering only a 

~ few years i is certainly not long enough to . show, | by itself, what the true storage 
: requirements for that particular river would be over any considerable period 


the oo of f years. For such a purpose, the re results published b by Mr. Hazen,* J and used 
Mr. Sudler in preparing - his seasonal storage diagrams, are are of great value. 
ma ‘The method by which the author combines seasonal with annual storage is 
correct, and an ‘improvement over ‘previous methods. twat 
salt ts The only point of 7 view w from which objection might be raised to to the author’ s 
aed analysis is in connection with the deve elopment of the annual storage | ae. 
The determination of the required annual storage is undoubtedly a very 
problem, and one to which it may ‘be impossible to give a universal 
in 
rls solution. - It can only be determined by a study of accumulated long-term 
r records, or by the construction of an artificial record, such as that described a 
| Mr. ‘Sudler. “Whether one method of deriving annual storage curves is 
ae B more reliable than another would be largely a m matter of o opinion. The writer 
believes that annual storage curves presented in the paper are 
ie consistent, anc as reliable as any that can be developed from the present: 
These annual storage curves were developed from the theoretical duration 
= 
was [curve of annual run- -off described by the writer. + It was brought out in the 7 
this F discussion ¢ of that ] paper that there are other types of duration curves which are : 
ib applicable to certain streams than the curve originally presented. 
different duration ¢ curve had | been used w the author, ‘his annual storage 
yped curves. would probably have b been slightly different. should be noted, how- 


Beige that two duration curves having the same - coefficient of variation will 
not differ greatly for values less than the mean run- -off, up to 80 or (90% of © 


“the time. As annual storage usually i is required for a a group of consecutive dry ys 
s, the maximum annual storage” is as likely to be required for a series 


years, . Consequently, a a change i in | the duration curve of annual r run- walt-dtiich 
only affects. the lower end of the curve but does not ‘materially « change the 7 


* Transactions, Am. Soc. C. E., Vol. LXXVII (1914), p. 1589 =a 
+ “Theoretical Frequency Curves and Their Application to Problems,” Trans- 
Am, Soc. Vol. LXXXVIl II (1924), Pp. 4 
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IU STIN ON STORAGE AND RI RE GU LATION. OF | STREAM FLOW pers. 


more numerous points ; closer to the. average run- off, will not have any great 
effect on on the annual storage requirements. = | 


a This same line of reasoning should apply to small changes i in the coefficient 


of skew, for a change in this” coefficient has. a much greater r effect on the 
extreme | ends of the duration curve than | on the intermediate portion. q -More- 


~ over, an increase in the CS, while it increases the number of years with 
- deficient flow, at the same time increases the flow i in the ‘dryest years. It may 


he stated, therefore, that the curves prepared by the author, which were com- 


4 which i is s between 0. 3 0. 9, 


It is, therefore, the writer’s opinion that Mr. Sudler’s curves may 
for streams having, a considerable Tange it in run-off characteristics. Even for 


4 streams ‘that are clearly « outside ‘the range of | these curves the diagrams 1 might : 
be used for | comparative purposes, s, where | precise quantitative results are not 


Tn any any case, , one me of the important uses of the iced should be for the 
_ purpose of studying the relative effects of different reservoir and power-house 
sites. on a particular stream. 1 The ‘results to be obtained for this purpose may 


.? be considered : as entirely consistent, and as having a a large degree of precision 
the characteristics of the stream are within the limits | specified for the 


Justin * M. Am. Soc. 0. E. letter) of studying 


=, % storage possibilities developed by y Mr. Su udler will doubtless find “considerable 


application where regulation for maximum dependable > flow is required and 


_ where a a large number of storage possibilities must be studied. In such | cases 


th e method should greatly shorten the rather laborious co computations that are 


8 However, after the reservoir and its size hawe ‘anes beta etermined, it 
will always be advisable, the writer believes, to follow through, by the old 
fashioned methods of computation, the operation of | the reservoir month by a 
month (and | even day by day during critical periods) for the period of record. 


Such computations: show the water added to the reservoir, the water fon | 


; to maintain the required flow at the given point, and the resulting elevation 
and contents of the reservoir. They have the advantage. of. showing what 
the ‘reservoir would have accomplished had ‘it been i in operation ‘during iw 
Whereas engineering investigations are conducted to determine | 
truth, the resulting report ‘is usually presented with the object of either 
- getting some one to spend money or to prevent him from spending it. ‘The old- : | 
- fashioned methods of ‘computation will always have, the writer believes, merit 
; for inclusion i in such reports, as they have the adv antage ¢ of being easily under 


stood by all engineers and most ‘power company 
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ie 


ons. T riations: in ‘rainfall and run- -off- from: year 


data a much term years. proper. use of such 
considered in connection with the existing run- -off records, the writer —— 


“that it is ‘usually possible to build up reasonably | accur ‘ate records of synthetic 

-off, extending the actual records backward for m many years. 


‘.. hort as 1 most run- -off records are, many of them are long enough to cover > 


“marked changes in the physical character of the water sheds. ‘Water- sheds 
which, when records were . started, were well forested now have had these for- = 


— ests replaced by brush or farms, towns, | and cities. | In ot other cases, lakes and 
_ swamps have been drained and, in others, reservoirs have been added. Such ; 


changes, however, the distribution of the run-off throughout 

the water- “year | more than they do the total amount of run-off. a 
The p: paper sr deals with the problem. of maintaining the maximum. —low- 
water flow ‘either « at the r reservoir outlet or at some point down stream where _ - 


‘the water- shed | area is much larger. With the growth of power companies 

and their extensive interconnection by means of long transmission lines the 

problem of storage from the standpoint of | the engineer engaged in hydro- 


electric work i is rapidly becoming much more complicated. — ‘The usual prob- 


lem is no longer to. ‘maintain a maximum dependable flow at some given 


‘point on a stream, but rather to release the water in the reservoir ‘so that it 


will produce the: maximum i in firm power and primary energy ina power 


| system, which m: may embrace many hundred square miles of territory and 


Such a study may embrace not only the reservoir and the hydro- electric 
on the stream in question, but also a considerable number~ of inter- 
“connected. hydro- electric plants on other widely scattered st streams, as well as ‘ 

existing storage reservoirs and steam plants. Such a a method of use 
practicable will show a much greater, income creditable to the storage reser- aa 


voir than by using it to produce the maximum dependable flow at some par- Pa 2 
ticular 1 point o1 on the stream. _ This method of use se also results i in over- storage a 
that i ‘is, the economic size of reservoir will be larger » than when regulation is i 
’ for maximum dependable flow. In fact, the water in the reservoir is | con-— 
+h potential energy to to be used where it will « do the most 
par the firm power in the system. The whole ‘stream 
‘Which the reservoir is located becomes a storage reservoir of energy, as it ; 
were. For this kind of regulation, which is becoming increasingly important, = 
an ideal stream would be one Possessing one or more economical sites for 
storage with a maximum amount of head capable of economic development 
‘in ‘Telatively hig gh-head plants below the storage site and with all sites under — 
one ownership or under sympathetic ownership. 
relatively simple case be used demonstrate this method o of 


In Fig. 36, River X has a Tange storage reservoir; also located on 
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R ‘that the sequence of wet and dry years is wholly a matter of chance Any | a 

he (| method of extending a run-off record is open to objections. Although such &g 
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_ JUSTIN ON STOR: AGE AND REGULATION OF STREAM ‘FLOW Pe apers, 
_penstocks, (that is, low cost } per kilowatt of installed capacity) . The storage 
reservoir is larger th than would be required to maintain maximum dependable 
flow at, say, Plant. B; a and Plants A, By. and C have installations much 


_ greater than would be justifiable if River ies were the-c company’s on y source 


River Y is a much larger stream the water-shed of which may be | at a long 


distance from River x This river i is uncontrolled, has a ‘relatively flat ‘slope, 
and is subject to wide fluctuations: in flow. Plants D, E, and F- are | con- 
trolled by the same company which controls Plants A, B, and ©, on River 

The ‘outputs of all the plants feed into the same system. 
& During periods of: minimum 1 flow on River a ‘maximum quantity of 

ts A, B, 

and are working at full during the during 
_e 50% | of the | time over a term of years, some water will be released from the 
storage reservoir on River X, and during the remainder | of the time thee 
very little energy produced | at Plants A, B, and Cc on River 
a ‘On River Y Plants ‘D, E, and a have their low- water output “augmented 

by Plants A, B, and C, on River fF ay ‘During the remainder of the time the 


_ plants on River Y carry the ad (except for short-tim time peaks which may | be 


carried by Plants A, B, and C). ft Git 


In some cases, , plants of the character of A, B, and Cc which, operate only” 
— 10% of the time ¢ are found to be economically, justifiable. «Of course, “every 


8 practical case has many more ‘complications but these suppositions serve to 


4 ‘illustrate the principle of the operation of storage reservoirs f¢ for the maxi- — 
4 ‘mum production of primary energy 3 in na a system. 


surprising extent. . In 
t it was economical. to draw a certain 
reservoir every two ‘ar three, years and on ‘those occasions ‘put service 
for a a brief period of time an antiquated steam plant which would other 
be be junked. Possibly, there are many cases where might 
the 
‘pay, as it makes _ the reservoi 
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“HALL ON STORA AGE AND REGULATION ¢ OF STREAM FLOW 


the "reservoir. large power “company “has 


STANDISH. Assoc. M. Au Soc. ©. E. (by 1 etter) 4+—The author 
is to be congratulated | for his timely — paper on this important subject - In a 
recent. discussion} of the paper§ by R. D. Goodrich, Am. Soe. C. E,, 
- writer called attention to the fact that the recent , developments in the treat- a 
ment of skew frequency curves would permit of the improvement in the results 
obtained in applying | probability - methods to to the study of storage requirements, — e 
& One of the principal difficulties encountered in determining storage require- 
ments, is the proper combination | of seasonal and annual ‘Storage. If the 
to be used is less than | the n minimum annual flow of the stream, the study is 
greatly” simplified, as in this case only seasonal storage need be considered, — 
‘For the purpose of determining the amount of such storage, the curves 
developed by Allen Hazen, M. Am. Soe. C appear t to be y 
‘aif The new term introduced in the paper, “monthly storage,” appears. to be 
unnecessary. In Fig. 1,§ showing a typical mass curve, the author | has con- — 
sidered the : years to be divided by the peaks, 4 Using this division of the year, - 
the monthly storage’ term becomes necessary in computing the increment to. 
he added to the annual storage. However, such a division of the year (called a 
by the author the storage year) does not coincide with ‘the normal water- ona 
The _water-year begins either in the fall, or else coincides: with the calendar 
c year, and includes all the run- -off occurring in one annual cy ele. An annual . 


cycle should logically ‘off ocurring between periods of low » 


Ps the: first y year ar by the seasonal storage ‘indicated by the ordinate, a. In the second fe 

a + year the reservoir did not refill, and at the end of that year the depletion of — 
e 


ell the r pomenrene at b is the total ordinate between the draft line and the mass 
The amount of annual s storage is. this ordinate: minus Similarly, 


m in the > third year, the annual storage is the ordinate c plus e minus a. In other 
nte 
2 words, the amount. of seasonal storage to be considered in any period | of deple-_ 


the | tion of a reservoir, € extending « over two : years ‘or more, is the occurring 
= ‘na the first year. It is evident that the seasonal storage, a, is independent of | 
the sueceeding years and must be caused by a year having a run-off greater 

only ~ the rate of draft. As any such y year might begin a a period of drought, : a 
very - logical method of allowing for seasonal storage would be to add to the ‘annual 


Sorages, the average seasonal storage ‘required i in ‘years having flows above the 


‘Tate of yearly draft. it is possible: that further study of the probabilities 


* Chf. Hydrographer, East Bay Municipal Utility Dist., Oakland, Calif. 

+ Proceedings, Am. Soc. C. E., February, 1927, and Discussions, p. 273. 


ae! “Straight Line Plotting of Skew Frequency Data,” Proceedings, Am. Soc. C. BE, 
1926, Papers and Discussions, p. 1063. 
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Proceedings, Am. Soc. C. E., December, 1926, Papers and Discussions, p. 1920. 


(636 ON STORAGE AND REGULATION OF STREAM FLOW [Papers. 


_ involved in the combination of the two quantities may dis disclose some better 


of combining annual and seasonal storage. bie, tall 
ety One weakness ‘of the author’ s - method is that, with high rates of draft 


and depletion of the reservoir extending over many years, the ‘maximum deple-— 


tion may not be coincident with | the year of minimum run- off. This i is the 


af assumption t 1 that the author makes i in his method. . In Table 1,* the maximum 

s depletion o occurs in the sixth and the tenth years, the sixth year r being the : year 

4 of minimum Tun- -off. ff. this table, a very slight change the -off per-— 
centages es would ¢ cause t the maximum depletion to f fall in 1 the tenth alone, 


eurve as representing the distribution to be to stream- flow 
_ records, since he states that the c v must be less than one-half the es.t The 


writer has  shown§ that the majority « of streams having long records fall i in the | 
ys ype 1 classification . However, Mr. Foster believes that with longer ee 


more streams would fall in the Type I class. poste’ 


Bll The writer recently combined the records of eighteen : streams having acs 
a of approximately 0.50, by reducing the records to a ¢ v of 0.10. The resulting 


series contained 608 terms. It was found that the frequency curve formed, 
- by this s series lay between the T ype Til curve and the modified | ‘Type I curve, 
- the curve still belonging i in the Type I class. ‘The Type I curves have a grea eater” 
_ percentage of terms below the mean ‘ton = Ty pe Tt curves, although the 


for the pu rial 


F Fora complete analysis of t the subject, after the selection of the proper type 


or types of curve to be used, computations of annual storage should be. made 
_ for several values s of ¢ 8 cover: ng the range of this coefficient ordinarily en- 


countered in stream- flow records. it the annual storage is computed “for 


various , values of ¢ s and a uniform ¢ v, the storage for a a given ¢ v and c scan 


be easily determined. aa ‘The author’ s calculations have been made for a cs 


of | 0. 60 and will apply to streams falling in this classification. ‘His statement 


that the curves will apply for v’s 0 


asi stream having a c v of 0.10 might h have : a cesof only 0.20 and still fall in the 


‘The author’s s method of preparing an artificial ‘record is open. to criticism. 


drawing By “the author’s method correlation 


te making the drawings, , each ecard should be returned to the pack b before a 


* Proceedings, Am. Soc. C. E., December, 1926, Papers and Discussions, p. 1922. | 


‘Theoretical Frequency Curves and Their. Application to Engineering Problems,” 
Transactions, Am. Soc. C. E., Vol. LXXXVII (1924), p. 142. we 


Proceedings, Am. “flee. E., December, 1926, Papers ané p. 


| § Transactions, Am. Soc. C. E. VEE (2984), 


f 0.10 to 0.30, is ; not necessarily true, since | 
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irom th drawings are e made i is T mean each 50-year 

aft 4 js also equal to the mean of the “ ‘universe’ +, wikioons under the normal method 

the | In plotting the annual stor age, the author has used the depletions of the 

um [§ reservoir at the end of each year. The writer feels that this method gives — 7 
ear undue weight to periods of maximum depletion of the reservoir, and that only : 
er the maximum de pletions of ‘the reservoir: during ‘each period of draw- down 
ne, and refilling ‘should be considered. he writer has discussed this “subject 
ion @ rather completely ina a | previous paper} ar and will not repeat it here. ‘He has 

_ altered his views in some respect during t the 1 meantime, but i in the main, the 

fre- procedure. there outlined i is still applic able. 5 If an artificial record is sokeanedl 

hat {J in the proper manner, as. explained, and depletions in storage ar computed, 

oat ‘it will be found that, for the higher rates of draft, the storage required i in the oe 


Til 95% year will occur only during cycles of drought a at periods less frequent. 


Th Summing ur up the writer’s there are two ‘points which require re especial 
consideration ‘First, as to the proper type of ¢ curve: to ‘apply to -stream- -flow 


| records—it ‘may be that fu further study of long records may show that: stream 
® flow can be represented by one type of curv curve, and that the apparent variations: 


from this type are of an accidental nature due | to the shortness of the records. + 
‘This would necessitate a correlation between the ev and On the other 
hand, it may | be found that no material difference in storage ‘requirements _ 
_ would be occasioned by the use of either the Type I or the Type III curve “4 


3 second, further investigation is needed as as to the best method | of combining 


Epwarp M. Craic, Jr. ‘Asaoo. M. Soc. C. E. (by letter) .| The mean. 
“law of error or the probability of variation from the true, or normal, or aver- 


age, is not applicable to the | probable ‘yield of water- sheds as i it is, for example, 


to the probable error in surveying measurements in at least one important 


Tespect. | The point of difference is that the number of dry years is usually | 


“greater than the number wet years as measured by variation from the 
average; and the yield of the wuinees year is well known to exceed the average 


“eld by more than the amount the dryest year is deficient. — bk. 7 


act Sir t Alexander Binnie, the English authority, states that from a study of 
rainfall records wen: the world the annual ‘rainfall is. above the mean 


; in 45, 8% of the years and below the mean in 54. 54.2% of the years, the average 

of the wet years being 119% and of the dry 5 years 83 per cent. _ The yield of 

the Croton water- shed in 58 years has been above the mean in 44. 8% of the 7 
Ee asgg and below the mean in 55.2% of the years. Dur During 23 years « ‘of records — on 

x for the ne Catskill and Schoharie water- sheds, the same results are true, 52.2% 

: of the years tae ethan. and 47. 8% dryer than the average. ‘The’ greatest 
“Introduction to the Theory of Statistics,” by G. Udny Yule, pp. 335-— BS-836. 
Transactions, Am. Soc. LXXXIV (1921), pp. 249— 

i Proceedings, Am. Soc. C. E , January, 1927, Papers and Discussions, pp. 61—64. 


Asst. Engr., Bureau of Water Supply, Dept. of Water Supply, Gas and Electricity, 
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_yearly yield 0 of ‘the combined Catskill a ‘Schoharie ‘Systems has been 150%, 

while ‘the lowest yield has been 80% of the average. For the Croton, the 

maximum and minimum yearly yield has been 152 % and 52%, respectively, — 


ofthe average yield. 

here the data are sufficient, it is is “more use two cot coefficients 
of variation, o one for the wet years and one for the dry. _ The coefficient for 

wet years will be larger and will indicate a greater variation from the 


"mean in a smaller number of years, while that for ‘the dry y years will 


; smaller and will ¢ give less variation from the mean i in a greater number “of 
years, which is in accordance with the facts. 


«ti is” more doubtful whether the period of maximum droughts ¢ can be 
provided for strictly according to the probability curve. There is a tendency 

for: dry years to succeed dry years and the critical drought —_ must be pro- 

7 vided against is usually - found to be two, three, or t four years, or even longer 

periods. When it is possible it is much safer to consider the droughts that 

7 have actually occurred and that may apply to a given region. _Burgess* 
tabulated the periods of lowest yield that have been known to occur on streams: 


in Northeastern United States. te his has advantages on on the side of safety over 

merely us using the mass curve for a single stream. It has s the disadvantage 
: * - that it may not take into eofheient account peculiar and local ‘climatological 
Unless the storage ratio is high, the application of the of 
probabilities emphasizes the lack of absolute security of the so- called safe 


yield, when it approaches the average yield. ‘There i is a big difference be- 


ae == the 100% safe yield and the 95% safe yield. - This emphasizes the use- 
7 . fulness and even the necessity of an auxiliary source of water supply, such as 

wells, the temporary filtration of an impure | source, or a connection with the 
supply of another ety, for w hich it is apparent the ‘municipality could afford 


7 “4 to pay ten or twenty times as much as for the water used regularly when it is _ 


* Engineering News- -Record, 1922, ‘Vol. 89, p. 970. 
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THE STRESSES 1N A FREE PRISMATIC ROD UNDER AL 


E FORCE NORMAL TO ITS AXIS Coe 
‘Discussion® 


Ag 
R. Oscoop Assoc. M. Am. Soo. E (by letter). 4—This i is a 
paper. . The location of the ¢ center of percussion (derivation, of 


simpler derivation of the equations of the 
— (3) and (15))|| and of the equations of the bending moments (Equations 
(14) || and d (16))| oceurs to the writer. According to ‘@Alembert’ s principle, 


- the | problem may be reduced to one of ‘equilibrium if the rod i is s acted on by the a 
and at the ‘time each particle of the rod is acted on by 
a force equal - opposite to the product of the mass of the particle and its 


With the pos positive direction downward, ‘the equa equation of mo otion applying "I al 
in the present case gives | for the rod (see Fie. 8), - P = Klay; also, with | 


rotation positive, = Ta, in which, is the aceeleration 
of the center of mass of the rod and a is the angular acceleration of the rod. 


As the acceleration « of any point of the axis of the rod is proportional to -" 


- distance of the point from 0, the free axis ‘of rotation, the acceleration, a, 0 

"any point of the axis a distance, y, to the left of P, or z to the right of P 


2 forces which, according to d’Alembert’s principle, 


are to act on particles: of an an elementary ‘slice of the rod taken between 


big * This aisepeten (of the paper by Joseph N. Le Conte, Esq., published in January, 1927, 
Proceedings, but not presented at any meeting of the Society), is printed in Proceedings 
— that the views expressed may be brought before all members for further Gaceetin 


Asst. Prof. of Structural Eng., Cornell Univ., ‘Ithaca, N. Y. 
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oscoop ON STRESSES ea PRISMATIC C ROD 


the couple I=—ak * K dl. to be to o the rod are, 


those in 8, namely, the P; a uniformly varying 


ak? K per unit length 


r 


‘The ating force at any section a distance, to the left ‘of Pis, 


a, is the value of the left of the r that i8, the te for 
and 


The bending» moment at. the same section is, with sul convention for 
‘positive and negative 1 moments, 
K 
ky 


(27) and a from ‘Equation 


(PE The s shearing force at any section a distance, zo the vieht of P is, 


in which, a , is the gat of a at the right end of he rod, that is, the value for. 


equi 


tior 

sigi 

ven 


— 
— By 
ee 
4 
* 4 
26) and reducing, 7, becomes, = a 
im _ 
} 
a 


— 
‘K 


er. By iim for r in the denominator of the right- hand dite of the 


for for H,, Q., and H,, the value given by the author’ Equation 
the « equations just derived for and Q, become the s same as the author’s 
| Equations (13) and (15), except that the sign of Q, will be opposite, and the oF 
equations here given for H, and H, bas obtain a form to which the author’ 3 ‘Equa- os 
tions (14) and (16) can reduced with opposite signs. The opposite | 
signs in the three cases mentioned are e due to the fact that the usual con- 
- vention for the signs of shearing forces and bending moments — — 


brief bibliography 1 may ay be of interest in connection with this 


. Zeitschrift des Vereines deutscher Ingenieure, 1894, p. 134. 
Flamant, A. Resistance des Materiaux. Paris, 1897, p. 635. 


_* Proceedings, Am. Soc. C. E., January, 1927, ~~ ers and Discussions, p. 6. 
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3] “two i in 
SHIGHWAY LOCATION busy “the 


Lavis M. Au. Soo. E.—The application of any “economic t betwe 
of highway location i is ‘even more » difficult: and complicated than is the case in 
railway location, on which latter the former must necessarily be based. cn 


of handling the tre that passes back and forth, to from 
New | 

Northern New Jersey, has long as one of 1 major | 

4 There i is not only the local traffic between } New York City and the manufac- ; 
5 turing and residential districts of the Area, but also the through traffic. to and ; 


the West via the State of Pennsylvania, ‘the trafic to and 


"made at Rahway, N. on Lincoln Highs. "They show a 24-hour count 


573 


Other counts ‘similar increases on o other routes. 


Up to the present the traffic across the Hudson River has been handled 
on the various ferries and more or less distributed, ' but, in 1927, when the 
; ‘Holland Vehicular Tunnels under the river are completed and i in | operation 
a large part of this traffic will be concentrated at one point in Jersey ey City, 
» already so bad that not only is ail 
traffic delayed, but local is greatly hampered. 
To ‘meet this. ‘situation’ the New Jersey State Highway 
planned and is building an entirely new highway from the New Jersey 
of the Holland Tunnels through J ersey to the 
of Elizabeth, N. J. 
its cost will exceed $30 000 000. 
rR will have a ‘Toadway 50 ft. in width; there will be no curves yan less 5 than 


000- radius, and ‘the gradients will ‘not exceed 3. 5 3.5 per cent. 


be no grade “crossings with other highways and, of course, none with 


— _ * Discussion on the paper by W. W. Crosby, M. Am. Soc. C. E., continued from February, 
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Connection will be made at suitable interv vals: with the most astasial streets 

and highways — which this new route crosse 8, by by nme ns of ramps, entering and 

leaving in the direction of the traffic. » 

"byes The 50- ft. width of paved roadway will simi for five lanes” of traffic, 

two in each direction, with one spare for ‘emergencies, and it is expected that a 

- the traffic will be of a volume approaching 20 000 000 vehicles annually. Lae 


ll will be realized, therefore, that. ‘the | question of location and design is” 


ith 
me 


of prime importance in a project of this n nature, having more of the char-— 
acteristics of a four- -track main trunk railway ‘through a densely | built- up 


i, _ The route, of course, must be laid out primarily to serve the trafic, to 


p tzke the people who « desire to use it a: as closely as may be t to o and foun the — 


for the cost o: ot acquiring | the ‘necessary right of way and ‘to: av did unnecessary 
_ length, rise and fall, : and curvature. The costs of construction and of right - 
way must be balanced against the increase of operating costs due to eee 
ie length, rise and fall, or curvature. In designing this route it: was found | _ 
that data in’ regard to these latter items were very scarce, but studies were 
and formulas developed determine the differences in operating costs. 
_ As in railway location, any theories of this kind must be developed and used 
great care and judgment—mere mechanical mathematies are worse then 
nothing; but, as in all branches of engineering, the m mathematical 


should be developed and used as an aid to good judgment. 


GEORGE FE. * M. Am. Soc. C. E. To one who 


given much time, an ev en “more thought, to highway location, this paper 
‘appeals | as ‘presenting, 


in a broad way, the principal highway location problems. 
Necessarily, not all highway projects are affected by» many of the problems" 
listed; also, some projects might have certain important affecting conditions — 


ig 
not ‘mentioned in the paper. This would be especially true of scenic moun- 
tain: highways in the Western United States. 


pat 


_ The principal difficulties in the way of correct highway location lie in 


the present methods of considering and determining the project in ‘question, 
solely j in relation to itself and the immediate effect that it will have on the 
‘communities served. Frequently immediate benefits would be as great and 
ultimate benefits larger, and more lasting and far reaching, the 
Droject wi was “studied and outlined i n re to the other roads of ‘that 
— section and of the State system, and even in some cases of the National ai 
+ system, of highways; not only to the highways that are now improved or 
Ey to be improved, but also to the logical routes for important hrough 
_ highways that are reasonably sure to be built in the not distant future. _ Such 
- considerations of a project ean prevail only when the matter has been removed - 
from the realm of polities and local community greed and 1d jealousy. < 
e Obviously it is impossible for elective | or appointive laymen to consider — 


fully and detide all various economic and engineering problems o of 
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GOODWIN ON PROBLEMS OF LOCATION 


ighway location and improvement, and as long as the engineering expert's 


studies and activities are directed and his findings approved o or r disapproved by 
a commission of political appointees with the ideas ¢ of whom the engineer | must 


in harmony, the results are bound to be are, of course, some 
wonderful ex exceptions to these conditions. a Some State | executives and com- 
nissioners have been broad and visioned a, , considering the highway system 


tf om the viewpoint of the Siate at large, and have insisted that the highway 


systems improved be economical for the whole State in both « engineering and 
commercial | aspects. As a a in some States systems 


presented are the: writer agrees ‘that 


- too much stress has been placed in in the > past on limitation of gradient. W hat 
a be p practical and necessary as a 1 standard of limitation for alignment 

or gradient under certain conditions of topography, traffic, ete., would be 


absolutely, wasteful and unnecessary under other widely dissimilar conditions. 

; In many States more miles of equally useful, and oftentimes m more pleasing, 
highways ean be had if greater latitude is allowed in these matters both by 
the State ‘Highway Departments and by the Federal Government. Statistics 

of ‘motor accidents. show that more accidents have occurred on ‘relatively 


7 _ straight and level reaches of roads than on those having relatively steep grades | 


and sharp curvature. Although, of | course, neither steep grades nor ‘sharp 
curves are desirable and should be avoided wherever practicable, itisa waste 
of public money and poor engineering to insist that all classes of roads in the 


- system of a mountainous State should have, say, a maximum gradient of 5% 


a minimum radius of 300 ft. for ‘curves. Likewise, under certain condi- 


tions, | standard widths: of 24 ft., or more, are 


As Mr. ¢ Crosby, has brought out, all factors must be fully considered f for an 
economic solution of these problems. In highway location, as in other: 


improvement work, in 1 securing that which 

¢ is | best ar and ‘obtainable for the funds, for the time being, and for the ‘future 

as it it may be visioned; and, 1, while in some cases this result may be | attained, 
a * it is probable that even the ¢ greatest successes of the ] present will afford ample . 
4 reason for criticism by the engineer of fifty years hence, who will see ‘only 

the resulte 3 in the light. of that time | but be. unacquainted with the limitations 


requirements that guided the original builder. ‘oil 
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NORTH ‘CAROLINA BITUMINOUS EARTH ROADE) 


2 N. ConneER,t M. Am. Soc. C. E. (by letter). ar author 
all too briefly’ describes one of the rapidly developing and | improved “methods — 
of increasing the traffic capacity of a low type road at a oe awckt 


moderate cost. 
7 There a are in the United States more than 368 000 miles of surfaced et a 


highways which 1 in their present condition | are suitable for only ¢ about 500° or os 
00 vehicles per day. _ This is nearly 80% of the total surfaced mileage; the — a 
remaining 2 20% are surface treated or surfaced with many types of 1 treatments 


and pavin g up to and including Portland: cement concrete pavements. — The 
total mileage of the country is estimated at more than 3 000 000 of which 


approximately 85% has no surfacing; 10% has a low type of surfacing, such 


as the sand. clay, top ‘soil, ete., ., mentioned by Mr. -Catchings; AG has an inter 
mediate type of surfacing ranging from surface e treatments up to and including | 
bituminous concrete on stone base; and less than 2% has a high type: of 


‘surfacing, such as Portland cement concrete base. with bituminous, brick, or 


block top course, and plain and reinforced concrete pavements. The bituminous 
earth roads 0 of North ‘Carolina are 2 a step i in | progressive or stage construction 


which ‘changes the low types: ° 


7 C A highway surface may be « considered as low type, intermediate type, or 
high type, depending primarily on its traffic’ capacity, and ‘secondarily on on i 
first cost, maintenance cost, and salvage value. The > type used i No! 
/ Carolina has been classed in other States as a a skin surface treatment and 


would fall into the class designated as as a medium or intermediate type. Ts — _* 
‘There are of course several kinds of surfacing which may be properly | 


as s intermediate types, as ‘the mixed-i in- -place ce surfaces, ‘sand 
asphalt, veneer macadams, and others which to: a large extent utilize 
“materials for their base course and local or shipped-in materials for the wearing 
or top course . A majority of the intermediate type surfaces have ‘amen 
as binders, tar is frequently used as a prime coat and asphalt for the second 


and subsequent treatments. some States tars are used almost entirely, 


Whereas others are inclined to use asphalts. Freight rates” and deliveries are 
. sometimes deciding factors in the selection of the class of bitumen. A, _ 


—_. * This discussion (of the paper by William B. Catchings, Assoc. M. Am. Soc. C. E., pre-_ 


lished in January, 1927, Proceedings), is printed in Proceedings in order that ‘the views 


expressed may be brought before all members for further discussion. 
+ Chairman, Investigation of Low Cost of ee Roads, Highway Research Board, 
National Research Council, Washington, D. C. 


a 4 Received by the Secretary, February 8, ‘eet, 


‘ Sented at the meeting of the Highway Division, New York, N. Y., January 21, 1926, and pub- -— a 1 
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of road using gravel as and tar as In Long 
aad Island and New Jersey are found of road having the local 
sand loam mixed with asphaltic oils. “South Carolina, Virginia, Tennessee 
Pennsylvania, as well as some of the Middle and far. ‘Western: States 
similar medium-type surfacings are being investigated, used, ‘and developed. 

_ The actual materials vary with local conditions, but the objects are similar i in 


nearly all cases—to the low t type surfaces by the addition a Tow 


cost wearing surface. 


the traffic capacities 500 or 700 vehicles per dey | to 1000 000. There 


: are instances, such as in Long Island, where | a daily traffic capacity of more 


usually 


for des 
these surfaces will ever ‘take the place of, ¢ or even ‘compete in trafic ca capacity festor 
_ with » the I high types of paving, but they will” undoubtedly fill in many a gap ite man 
and missing link of highway b between c objectives on trunk lines as well as form ie 


important part in the construction of feeder r¢ ro ads, roads, 


for eco 
on per: 
of whic 


4 than 5 000 cars and light trucks is claimed. It not to be presumed 
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RECENT DEVELOPMENTS IN CONCRETE PAVEMENTS: 


it ‘Hooper, T. M. Rivtey _W. 
oR. W. Crum, anp Carton N. Conner. 


se 

re. 
at 


et “The and of the ‘rapporting soil 
in “many poet may ‘ieee the amount and distribution of stresses in the a 


pavement only s slightly, , but a a poor § sub- -gra ade presents a | serious problem. The : 
structural stresses in the pavement are reversible and become excessively inves : 
for t economical design. Ifa pavement can be built in’ which the units rest 


on permanent supports at known points, it provides structure the 


of which can be predicted from analysis or experiment . Any type of supported 
slab pavement that offers simplicity in design, reasonable ease of construction, e 
and moderate cost is preferable to the indeterminate ‘slab on a poor base 


should find | an extensive field of use. 


z Ay pavement made u up of triangularly dani slabs supported at their corners a 


vas conceived as as satisfying the conditions enumgrated. The three- “point 


of units assures definite stresses with no reversal even i if the supports 


“settle unevenly. he shape and % size > admit of pre precasting, trans- 


porting, and assembling the» units in the pavement expeditiously. It is 
sible to remove slabs from the pavement for replacement or or salvage. ra - 


— 


ath, 


a 


‘road i in Fig. ‘Each lane i is up of row w of triangles placed edge to 


Prof., Civ. Eng., New York Univ., New ‘York, 1 
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their altitudes ‘representing the lane width and ‘the. ases 


- alternately the left and the right side of that lane. s In this. manner three 
slabs come together for support ona single pile or or post. f Ww here two lanes ar are 


r “| contiguous: the supporting posts under the line of contact carry the corners 


of six slabs each. Contiguous edges of ‘slabs are provided with ‘special inter- 


locking recesses so. that ‘deflections and stresses in one may be 
shared by its neighbors. Loosely fitting pins" through the verti tices. of the tri- 


angles into the posts prevent undue lateral movement after assembly. J 


= J The triangular slab is as ; nearly determinate as any plane surface or slab, 
3 Loads i in any ‘position are bound to come on or within the three lines joining 


the: supports so ‘that the deflection is. conv ex downward, producing tension in 
- the bottom and e compression in the top of the slab. The direction and magni- 


= “% tude of these stresses can be determined because service conditions can be dupli- 


viv 


4 cated for test purposes. JS Studies already made have shown the behavior of 
<* steel plate and of reinforced concrete models of one-third scale. * ~The results 


make it possible to proportion an and place the steel take the tension in the | 


“triangles . Fig. 2 shows an amount and arrangement of steel in a 7 7-in. slab 


Ps: a pavement intended to carry loads up to 12 tons on one axle. ee , 
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ay -—STEEL ASSEMBLY PLAN, TRIANGULAR HIGHWAY PAVE- 


Ttis is interesting to note s some outstanding results obtained from tests. ‘The 

greatest bending vehi was was developed when the load was placed at the e middle 

of one e edge. Failure from a load in this position occurred as a break begin- 


under the load and extending across: to the o opposite apex, 3 (a). 
The slab can be cone “4 ed as made ds of a yale ob of f strips, oF beams, of unit 

width, stuck. together and. shaped like a triangle by making a an outside strip 
serve | as the base and ‘sawing diagonally « across the - grain for the other sides. 
k- 

With this conception 1] ‘the slab failure mentioned corresponds to the brea 

ng of aad whole series of beams at their centers, Fig. 3 (0) wi ‘The tests showed 
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whole ross-section aiden by the” altitude the 
sala was bearing the load, and the deflection of each of the unit strips, con- 
by as a simple beam, was an index of its part of | the whole load. The a 
average load 1 per unit strip is the total load divided by the altitude of the tri- be 

“angle. The , deflections measured : across the altitude show that the strips do 
not carry equal parts, instead there is a maximum at the load reducing uni- : 
formly 1 to zero at the apex. Directly under a load « on 1 the edge the deflection — 

corresponds to a simple beam deflection under twice average unit load. 
For example, a triangle with base length of 12 in. . and a an altitude of 10 in., 
and bearing | a load of 1 000 Ib. , would produce an average Toad of 100 lb. — 
in. of altitude, _ whereas the deflection under the middle of the 12-1 -in. base would = 
be the same as that produced in a 200 tb. ali 


Crack 


G. _3.—TEst RE SULTS, HIGHWAY 


earing | stresses are natur ally important at of the slabs. 7 
‘he critical cross- “section to resist shear depends on how far the support extends a 


under the corner, the larger bearing giving the greater shear ‘section and, pr 
accordingly, the lesser unit: shearing stresses. . In order to increase the bear- hi 


ing and impr ove contact between the slab and its support, it ‘is proposed to 
use cushion blocks of treated wood, that shall extend their own thickness , 
beyond. the > edges of the posts. ‘he necessary shear- resisting area may b 
obtained in this way to permit the use of an allowable unit stress suited | to 


The triangular slab » resting on three supports placed under its apices has 
over slabs supported at four or more In the case of the 

” slab i in 
whieh the e stresses would become complex and excessive. 2 The triangular slabs. a 


: would show the settlement as an unevenness of the pavement without devel- Z 
oping any appreciable change in stress” distribution, and the low point can 
be raised and “shimmed” when it is found convenient to. do so. The tri- 


angular s shape lends itself more > readily to handling as precast units heomans. 7 
interlocking. edges, (Fig. 3 (a)), can be constructed so that the units may be — 


. assembled in the pavement as a whole or any unit may be removed and replaced 


by the simple expedient of removing the pins that keep the comners from sliding g = 


_ off the posts and then moving the slab laterally about 6 in. to free it from its <‘“— ‘i 


must be provided for or in tl this type. of construction 


Papers.]_ HOOPER ON DEVELOPMENTS IN CONCRETE PAVEMENTS 649 
8 

ter- 
be 
lab. 
1 in “a 
gni- 4 
pli- 

r of 
sults 
| 

7 

fig 

The 
‘iddle 
egin- | 
(a). q 
unit’ 
strip 
| 
sides. 
yreak- 


e 


the space to be allowed at iain one is correspondingly mallee. Slabs of normal 
size provide two ) diagonal joints ¢ every 12 ft., an average of « one in 6 ft. Ex 
pansion for a ‘range 0 of temperature of 150° ‘is about 2s in. in the 6 ft. A 3-ins 
strip of treated felt stuck to one of the faces of a joint | before the contiguous 

“a slab is pushed into contact, should provide sufficient “ go and come”. In case 
‘this allowance is not sufficient the angle of contact, together with the slight 
prs at the loose pins, will permit slabs to accommodate themselves by lateral 


4 There ‘are normally two conditions for design. fi In the first case the sub- 
an grade i is ane = of the under side of the pavement, so that failure of a unit 


design. In the second case the is far enough above the ground to 
be considered as a viaduct or bridge in which a slab failure might have more 


Serious consequences and, therefore, a larger factor is desirable and, in addi- 
tion, ‘a curb about 1 ft. high integral: with the slab is necessary to form a 


ae No doubt there are many questions that remain unanswered i in this brief 


- discussion, but it is believed the most important are covered. If in the futur 


a heavier loadings ar are desirable for any highways in which the triangular type 


- of pavement has been used, it is feasible to salvage | the slabs a and use them again 


‘M. Rirtey, * M. Ax. Soo. E—Mr. Breed has mentioned ‘the 


of almost every character from muck and swamp to granite moun 


tains, yet none of these is it possible to visualize a ‘road on piles unless 


Souths 
The 
and ‘tc 
the sla 


water. 


om Unless Mr. Breed is ; misunderstood, this pavement on piles ¢ can be built § 
ie cheap, or more > cheaply, 1 than some other kinds. _ Where it can be so built @ * 


ous 
«it must be marsh, swamp, or open water, and it seems that i in any of these dy 
locations such a structure would take ‘more the attributes of. a bridge than J 


a highway as the terms are commonly used. 


Although the writer has had considerable | experience in building and mait- 
taining roads for the State of New York, nevertheless the road on “piles is | 
difficult to visualize and more definite information is necessary from the 


author in | order to understand where he considers it would be economical to | 


Hammarr,t M. Am. Soo. ©. E. (by letter). §—In this able paper, 


uthor has outlined a few of the recent developments in concrete pavements, 


and has given some of principles which will govern further developmett | 


of this: type of roadway. It could not be expected that the entire field would | 


7 _ be covered i in so short a paper, and the writer hopes that a full discussion wil | 
nearly cover all phases of eoncrete pavement construction. 


7 ae * Chf. Enegr., Greater Motorway System of Erie County, Buffalo, N. Y. dctin tr 
___ t Proceedings, Am. Soc. C. E., January, 1927, Pap s and Discussions, Pp. ae 
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One of concrete elab const uction has received little attention in in the 
past. The proper proportioning of concrete mixes and the proper mix 


produce the greatest strength a are , determined, the necessary tests being - made 


under -laborator ty conditions to confirm the _ 


af comparatively recent development in California along these lines may be 

cited. Over large areas, — particularly i in the San J Joaquin Valley and in a 
Southern California, the prevailing ‘subsoil is sandy with ; a high capillarity. , a 


“The customary practice was to prepare the sub-grade by leveling and rolling © 
and t o wet it thoroughly just prior to laying the cor concrete ‘slab. Thereafter, _ 
the slab ‘was diked in and flooded for a period of several days for curing under - 
water. This ‘produced a well-cured upper surface, but a slab varying 
strength from its upper to its lower face, since the tendency of the sandy sub-_ 
soil was to rob the mix of its water before the final set was completed. mo! sticoonde 


ub" Too overcome this condition ap process has been devised by which a a water 


means the) wate content tof the 1 mix is kept constant ‘throughout the setting 


period and the strength i is kept ‘uniform throughout | the depth of the slab. ye In 7 
other words, iegipaiaali conditions are reproduced by placing the concrete in a 
“tight form. 


was that the only way to prevent ‘cracking of the slab 


- - over a clay sub-grade was b by means of copious: reinforcement, but this: idea 
Jess WAS fallacious. The reason for the cracking was, ‘that, on saturation, the 


lay subsoil swells. 7 In placing the concrete pavement thereon it is s toa a cer- 7 
tain extent bonded to the clay s subsoil by the penetration ¢ of grout into the 
saturated soil. . With the subsequent ‘drying and shrinkage of the subsoil a 


tension is set up in the concrete slab, which, when accompanied by the impact 


and vibration of passing vehicles, soon causes rupture. 
‘ae. Fig. 4, Tet AB ‘represent : a concrete bar subjected to opposite , forces at 


Aand BL _ The tensile stresses created ‘may be well within the strength of ~ 
bar, but if it is subjected to even a light, but constant, tapping at ¢, the 


vibration will sooner or later produce 1 rupture at that point. hae 


go interposing of the water- -proof skin, previously mentioned, between 
the ‘sub-grade and slab “serves two purposes in this: ease. It obviates the 
- Recessity of f wetting the sub- grade, thus permitting it to be compressed. dry sO 
that there will be no ‘subsequent shrinkage and no consequent t tensile stresses 
set up in the concrete slab. It also prevents the bonding of the - to the: 
sub- ‘grade and produces the condition of a precast 


The former practice was to interpose a layer of sand or gravel between the 
ey grade and the concrete slab, but this method had obvious disad- 
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‘Although, theoretic ally, it forms a cushion preventing the transfer fer 


ex 5 
“of tensile forces from the clay subsoil to ‘the concr rete slab, in practice the grout 


- from the bottom of the pavement mix gets into: the ‘top of the sand . course 
“producing a pavement weak a at the bottom and bonded to the cushion 


contractors in Central and Southern California are using a new 
P method, known as the “Monolite Process” » for all concrete pavements regard: Sin 
less of ‘subsoil conditions, although is writer’s belief that its merit 
weakne 
attaches only to the soil conditions mentioned, and possibly also to alkaline 
use th 
W. Crum, Am. Soc. E. —A new form of pavement (Fig. 5) 
been n much used i in the ro rougher sections of Towa. a. This i is curb and gutter the 
"4 tion designed especially to carry the surface water on the slab instead of on the on “ae 
shoulders and in side ditches, but it has other advantages. Structurally it 
0 
5 has a thickened edge; it tends to keep the wheel load at least 12 in. from the Pon 
a _ edge of the slab; and the ‘shoulder i is not softened by run- -off water 1 from the eas 
i, is al also no obstruction | to wheel el running off the slab on to the 
Fic. 5.—PAVEMENT Usep By Iowa HiGHWAY COMMISSION ON -sisten 


ad This slab- ‘section itself does not cost materially more ‘to build than 
customary th thickened edge section, bu the intake structures” necessary for 


the intake 
5 ee the \ water do i do increase the ¢ cost at the Toad as a) whole. ay ha 


—Since the 
res 


Mr. paper and a study of the situation that progress in 


construction methods and design ‘detail of far-reaching importance ar re sti till 


- going on. The author has described | some of these and has touched on others. 
‘The use of steel reinforcement consisting of small ‘steel members closely 
spaced i is being studied | by the State of ‘Virginia | in conjunction with the U. 5B 
au Bureau of Public Roads. _ Although the report of the Advisory Board on 
7 - Highway Research of National Research Council indicated that progressive 


of retarded by the use tests are 


Engr. of Materials and Tests, lowa Highway Comm., Ames, Iowa. 


7 Chairman, Investigation of Low Cost of Highway Research 
“National Research Council, Washington, D.C. 


t Received by the ‘Secretary, February 8, fu 
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Papers.) CONNER ON DEVELOPMENTS IN CONCRETE PAVEMENTS 
Ds The author refers* to a test section of pavement in North Carolina in which 
_ transverse planes of weakness or “dummy” joints were introduced every 40 ft. 


The writer was responsible for this test and found during : an inspection of this 


pavement made in September, 1926, that only” one transverse and 
longitudinal | cracks i in the 2 000 ft. of test section had developed, except at the 

‘planes of w veakness. ~The made 18 months after the 


weakness the pavement has hom used 
localities with satisfactory results, Delaware was one of the first States to a 


use method of controlling g and localizing longitudinal cracks. Other 
States have also used it, including Pennsylvania, , Michigan, California, and > 


the ‘City of: Seattle, ‘Wash. For: those who feel that the cost of joints is not 


justified this method promises to become an ‘economical and bias 


More: uniform strength and greater plasticity of pavement concrete is being a 


secured, | by inundating the sand so as to obtain an amount equivalent i in in volume 


to dry sand. This method of proportioning has also resulted in a say saving g of 7 
“cement without a sacrifice in strength | of concrete. 


The use of cealeium “chloride in the mix rather than surface for 
“curing and a high | early strength s seems to have g gained considerable attention. ba 
ts use on the surface although prevalent at one time in some States has 


Vil 


years howd that the results « of ‘the 


strated as a field test under field « This is the test in of small 
beams cast from the roadway concrete, cured veers the road, 


with compression tests of cylinders: 
= or cross-bending more closely that in a pavement 
than compression alone. . By | 
possible to ‘determine the number of al pav vement should be 
tot traffic with a greater degree of accuracy. 14 

All these ‘satisfactory results and methods have been the result of pray 


tical research for facts, which tends toward progress. ar 


= 


Am. Soc. C. E., January, 1927, Papers and Discussions, p. 
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MEMOIR OF MILES CARLISLE BLAND [Memoir 


MEMOIRS OF DECEASED ‘MEMBERS 


+) will. be reproduced in the volumes of Transactions. information 
which will amplify the records as here printed, or correct any errors, should be forwarded to 


MILES CARLISLE BLAND, M. Am. Soe. EX of Ar 
Miles: ‘Carlisle Bland _was born in Philadelphia, Pa., on July 31, 1875. Civil 


His parents were John Cailisle and Emma Vi irginia Bland. He was gradu-— 


_ ated from Colorad 


o College in 1895 and “matriculated at the University of 


Pennsylvania with the i intention of taking the Civil Engineering Course, 
An offer of a position j in the Maintenance of W Vay Department | of the Penn- _" 

sylva vania Lines West of Pittsburgh changed his plans, however, and, in Sep- 
tember, 1895, he began his professional career as an Assistant with the Engi 

neering Corps. Int the next § six years: he secured the broad training in in n general P 
“railroad engineering ‘that such a position affords. ott 

1901 Mr. Bland went with the American Bridge Company as Assistant One 
later becoming Contracting Manager of f the Cleveland, Ohio, Office. 
From 1905 until 1907 he engaged on the construction of beet: sugar 


factories in Michigan and Colorado, ‘nding: the ‘Dyer Company, of 
Cleveland. 1908 he returned: to the steel fabricating field as 


subsequent engagements with ‘the Massillon Bridge Company and the. 
Canton Bridge Company. He returned to Cleveland in 1913 as Resident 
3 Engineer on the construction of the foundation for the - Detroit Superior 


A High Level | Bridge, built by | Cuyahoga County over the Cuyahoga © River 
i = i... In 1916 Mr. Bland went with the Bethlehem Steel Bridge ‘Corporation as 
Engineer in the Er Ereetion Department. ‘The complete and varied erection 
"exper ice which he “acquired. while on this work was reflected in his ‘paper 
on “Investigation of Stresses in Derricks”,+ presented before the Society 
and his ‘ “Hand Book of Steel Erection” ; 
March, 1923, he joined the Engineering Staff of the Delaware River 
Joint Commission as Assistant ‘Engineer in the Design Division 
subsequently was transferred to field work as Resident Engineer on the erec- 
7 tion of the 1 main cables of the bridge « over the Delaware River, between Phila 
delphia, Pa., and Camden, N. J., until August, 1925. . From that date until 


|: death on August 14, 1926, he was with the Cit ity of Philadelphia as Assist: 


Ss 


7 Miles Bland brought a wide and varied e experience to his later professional | 

engagements. His friends knew him as an unselfish gentleman, unsparing of 


* Memoir omnenell by Clement E. Chase and Frank M. Masters, Members, Am. Soc. C. EL ' 
Transactions, Am. Soc. C. LXXXIV (1921), p. 258. 
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_ MEMOIR OF PHILLIP WILLIAM CHA AMBERLAIN 


oa in ~~ ee of his high standards of performance to the task oan 

bad a commission as in the Reserve and was a 

“Member of f the Society of Military Engineers; ‘tee National Rifle Association 


of America ; the American Society, of Mechanical Engineers; and the . Amer- 
‘jean Association for the Advancement of Science. 
" — Hei is survived by his widow and infant son, as 


ir Mr. Bland was elected an Associate ‘Member of ot 


Civ il Engineers on September 3, 1902 -and a Member on aie 21, 1920. 


dyer PHILLIP WILLIAM CHAMBERLAIN, M. Am. Soe. © * its 


aes ‘Phillip William Chamberlain, the son of Henry WwW illiam and ‘Concepcion ~ 


y Martov iell was born i in Essex, H., ¢ on June 1 14, 1858. 


One of his uncles was 


out. of with he left in n 1861 ete 


moved to Cuba with his family. Here his ‘son attended the Grammar 


Mr Chamberlain | began the practice of his profession as Chainman 


Rodman for the Chief Engineer ‘the Consolidated Copper Mines, in 
Cuba, on whose advice he entered St. Iago College, | Santiago, Cuba, 
from which he received his degree of Bachelor of Arts, in 1872. He then 
- entered the University , of Havana for a course in engineering, including sugar 
making, its chemistry and machinery, and also international law. He received 
degree of Master of Artsin 1875.00 


From Cuba, Mr. Chamberlain. went to Costa Rica, where he remained for 


the construction of the Costa Rica Railroad with» 


sur- 
“veyed a a ‘San Juan del ‘Sur to Lake Nicaragua. He was then 
—_ Superintendent of the Eastern Division of the Nicaraguan National 


Railroad. In 1890 he accepted the position of Chief Engineer of the projected _, 
railroad from Leon to -Matagalpa (150 miles), having made the surveys 
designed and built. the Monotombo Wharf at Lake Managua in 1892, 
“and in the same ‘year was appointed General Manager of the Nicaraguan 
National ‘Railroad, which position he resigned to accept that of Whiginesr 
the Guatemala Central Railroad, Guatemala. By contract with the 


— Government, he then surveyed and built ailt the Ixtapa Railroad. 


Memoir prepared by Mrs. -Eleanora W. Chamberlain, Baltimore, Md. 
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—" 1899, he returned | to Nicaragua and was appointed ‘Consulting Engi- 
for the Department of Public Works. W hile in is position he + 
7 veyed and built 17 miles of railroad at Greytown 

ann Mr ‘Chamberlain r retired from active engineering work i in 1905 and became 


owned a banana’ Plantation, sawmill, and light 


MEMOIR OF JAMES MADISON GRAVES [Memoirs, 


financially ‘tes sold g, paying his creditors in full. al 
a ae n 1914, Mr. Chamberlain surveyed plantation tramways for farmers, and 
ade a preliminary survey for a railroad from Alajuela to Gracia, Costa 

‘Rica. i The termination of the World War found him very ill both i in body 


ready to return to the United States, but he could not 


Md., as Associate Engineer. Subse-_ 


a “quently, hey w ent the Bureau. of where he remained two years, retir- 
on account of ill health. 


. Chamberlain maintained his residence in n Balti- 


a more, where his death ‘edteuuiil on December 3, 1926, after two years of patient 


es 1905 he was as married to o Eleanora 1 Wagner, of Baltimore. re, His v wife aah 
Mr. Chamberlain was a Spanish scholar. gtd He wrote a book ‘on “The Vol 

3 canoes of Nicaragua,” which was published in 1902, and contributed many 
articles in Spanish and English on 1 engineering, history, astronomy, inter 
national law, and religion, to periodicals in Central America and the United 

States. He spoke and w wrote five languages. 


= was one of those men of whom the world sees too few, and all who came 


Mr. Chamberlain elected a Member of of the A Society 
Civil Engineers on October 2, 1895 ban of 


James “Madison Graves born on August 18, 1878, at Lexington, Ky, 

the s son of James Madison and Adeline (Allen) Graves. After passing through d 

the public schools of Lexington, and graduating: from. the High School, he 

entered the University of Kentucky at Lexington, from which he was” grad- 


uated in 1900 with the degree of Mechanical Engineer . He was a ‘member. 


During his summer vacations: at college, Mr. Graves worked as a machinist 
— inor order tos gain | practical ex exper ience in shop pr ractice, and after graduation he 
was ¢ employed for about a year by: the firm of Field and Hinchman, Consulting © 
Engineers, of Detroit Mich. From I Detroit, he moved to Pittsburgh, Pa. 
where he wes as. a Drafteman with. the tem: of Heyl and Patterson. 


Memoir Maurice R . Scharff, M. 
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aie 1903, he was employe d as Assistant to the Chief E: Engineer: of f the Alle- 

 gheny County Light Company, : and remained as an employee or officer with 


“this Company and its | successor, 
until his death, 


1006, Mr. Graves” appointed uperintendent of Power Stations 
in n charge of the operation of the Company's: two o generating stations at 


_ com- 
of 12 750 hold this. “office when the Com- 


pany ‘was taken over by the Duquesne Light t Company in in 1913, and to ‘operate 


gener rating stations throughout the “period rapid growth of the 
‘pany until ‘July 1, 1920, when he was appointed Assistant G General Manager, 7 . 
with | th broader duties and responsibilities. On | December 1, 1922, he became 


General Manager of the Duquesne ‘Light Company, and on January 1, 1925, — 7 


he wi was promoted to the | position of Vice- President and General Manager. 


During his service with the Duquesne - 
-orated with its Engineering Department and i its Consulting Engineers i in the, 
design waa construction of additional generating ‘station “capacity, ‘including 
= 
“the: Brunot Island and Colfax. Power Stations. ‘This resulted in increas- 
ing the generating capacity of the company from 12750 to 324 900 
time of his death the ‘Company had under construction an additional 
“capacity of § 80 ¢ 000 kw the Colfax ‘Power Station, which, when completed, 
make the total “capacity of this station 270 000 kw. He also saw the 
of customers of the Company increase, during his period | of | service, 
- from about 14 000 in - 1903, to about 2 50 000 at 1 t the time of his: death. As = 
4 \ ice- “President and Gener al Manager he had under his : supervision, in liitim 
to the power stations, about 900 circuit miles of high- -tension transmission 


_Tines, 200 sub- stations, 16000 circuit miles of low-tension distribution lines, 


and 120, miles of | underground conduit: 
Mr. Graves took an active interest inv the so-called ‘ “‘super- power” move-— 


ment and the interconnection « of electric “systems, which was ir in progress at 
‘the time of his death, and during the last year ar of his life saw the « oommpleiion of 
the 6 66 000- -volt. ti tie-lines for _intere change “of ower 4 _ the system 


of the Duquesne Light Company with the systems ‘the West Penn, Power 
Cor 


ompany on ‘the ‘east, and the Pennsylvania- -Ohio ‘Electric Company on the 
West, constituting the last links in a continuously interconnected power system 


“Jim” Graves, as he known. to his s many friends, was a deep student 


of the electric. industry and tireless worker, who nevertheless found time 
know, personally, almost every one of fellow employees, to tak 


“active: part in the civic and : ‘social life of his community, and to win | the 94 
adn admiration and respect of those with whom he came in contact. The splendid i 5 


- Public service he had rendered made | his sudden death a di distinet loss to the | 
"entire Pittsburgh | District. This was rec ognized on every he hand by public 


bodies: and expressions regret were summed up in the 
of Mr. AL W. Robertson, 1 President | of the Duquesne ‘Light 
we have just lost one of the finest men who ever lived. 
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more ten years Mr. Graves was an active of the Prime § Valley ar 


Movers: Committee of the National Electric 1 Light Association, and, during . Pacific B 
the World War, served the War Department as a member of the Power Board In 18 


On March 29, 1913, Mr. | Graves was married to Helen “Ayres, of Pitts: Californi: 
burgh, Pa. He i is survived by Mrs. Graves, two children, Eleanor, and J ames Engineer. 
MJ two. brothers, Buford and George Graves, of Pasadena, Calif., and Goshen 
one sister, Mrs. George | C. Webb, of of Lexington, Ky. Tehachay 
was a ‘member of the Baptist ‘Church Fellowship Lodge No. 679 United 
F. an d A. M.; the Engineers’ Society of Western Pennsylvania; the Amer- but all | h 
Institute of Electrical Engineers ; the American Society of Mechanical 

already 


‘Engineers; the Pittsburgh Chamber of Commerce; the 
to obtair 


Mr Graves" was elected al Member of the American Society of ‘Civil Engi- wise pos 
sare on January 15, 1923, and took an active e part in the affairs of the Pitts: mA 


> 


HOOD, M. Am. Soe. C. E. country. 


a William: Hood, the son of Joseph Edward | Hood, an writer and Cl 
part owner ‘of the Springfield Republican, and Maria (Savage) Hood, _ The 
in ‘Concord, N. 0 n February 4, 1846. jap ated al 


From his eighth to sixteenth year, he public schools in ‘vas orf 


iad ‘Springfield, Mass. Shortly after ‘the commencement of the Civil tinuing 
War, he enlisted as a | private in ‘Company A, 46th” Massachusetts Volunteers, oof 
and remained i in the service, taking part in a _ number of engagements, until - New ( 

shortly after the Battle « of Gettysburg. After being out, he re Ogden, 
a tured home to complete “his education which,- to that time, shad been which 
fl paratory to a classical sided: His ambition, however, was to be an engineer, Compe 
in pursuance of this goal he entered the Chandler ‘Scientific School of 
ik. Dartmouth College and was graduated therefrom in 1867 with the degree was Ci 
Bachelor of Science, 
The building of the Union Pacific and Central Pacific ‘Railroads, which 
was then i in progress, attracted him as offering a ‘promising field for ‘the appli- his 
cation of his: engineering education. He went to California where he land, 
employed. as a Rodman on the ‘Donner Lake-Summit Section. of the Central | Shast 
‘Pacific Railroad, then under construction. His native | ability as an ‘for it 


and his energy and devotion to duty soon won ‘recognition and, in 
1868, he » was appointed Assistant. Engineer on the construction of the tine ; 
a through | Nevada and Utah, on which work he continued for nearly two 
é years, until the connection with > the ‘Union Pacific Railroad wes made at 
Promontory, Utah, in May, 1869. was then transferré ed to the Sacramento 


7 © Memoir prepared by the roman Committee of the San Francisco Section: 
_—— and W. H. Kirkbride, Members, Am. Soc. C. Be 
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ion the Central 
Pacific to Redding and to. Goshen, Calif. 


road Company, which had been in- 


Engineer, 1 was employed on _ the location and construction of the line | between q 
Goshen and El Paso, Tex. . It was” during ‘this. s period that he located the e 
Tehachapi Loop, one of the first, if not the firs t, example of its type | in the — 
United States. ‘Several locations had been made on this section by. others, 
but all had prohibitive in cost. Mr. Hood’s- solution of the problem, 

by spirally curving in the descent and | tunneling under the part of the oa 
already passed over, enabled | the Company to s select "smoother ground an 

to obtain a a shorter line with less curvature, at a lower cost than was other- 


_in August, 1875, Mr. Hood was appointed Chief Assistant, Engineer of a 


the Southern Pacific Railroad Company, in charge of the | construction 
through the Mojave and Colorado deserts and through Arizona and — 
to San Antonio, Tex. In addition to. the difficulties of the 
country, which ‘practically unsettled, there v the presence of hostile 
seen, against an attack by whom the engineers were always on guard. — tn ~ 
On the completion ‘of the Southern Pacific Railroad, Mr. Hood, in June, : 
1883, was appointed Chief Assistant Engineer, and in August of the same 


year, Chief Engineer, of yee Central Pacific Railroad | Company. dell 

The’ Southern Pacific Company, Pacific System, 7 which leased and ‘oper- 

ated all Central ‘Pacific and Southern Pacific lines west of El] Paso, Tex., a 
was organized in in 1885, and Mr. Hood was appointed its Chief Engineer, con-_ 
tinuing in this position until June, 1900, when he was made Chief Engineer 

of the Southern Pacific Company, in charge all. lines extending from 
New Orleans, La., , to Portland, Ore, and from m San Francisco, | Calif., to 7 
Ogden, Utah. pt He held this office until his” retirement on on May 4, 1921, on 
‘which date she had rounded out fifty-four | years of service the 
During the period. 1883 to 1900, much important new construction 

was s carried out under his direction. - The most difficult work was the line 
between Redding, Calif. the ‘original northerly terminus of the Central 
Pacific, and Ashland, Ore., the southerly terminus of the line from Portland. a" 
This line, which completed the mail route’ between San Francisco and Port-— 
land, ascends the Sacramento River ‘Canyon to its head and crosses the Mt. 
‘Shasta 1 Divide and the Siskiyou Mountains, the upper part being a 


“for its steep grades, , numerous tunnels, and curved 1 switchbacks. 
late E. H. Harriman became President: of he Southern Pacific 


tr costs, entered an era of improvement of the 1 main lines constituting : 


the System, particularly the Central Pacific, and to Mr. Hood was delegated =, 
task of carrying out this— work, in addition to wl which he was also con- 


‘sulted on important matters affecting other Western roads under ‘the Harriman © 
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One « of the most notable achievements during ss recon: struction of the 


« crooked with heavy grades; Mr. rr. Hood’s line struck boldly across the > lake, 
on embankments where "possible, and ‘on trestle where the depth: of “water 


was great, resulting in a saving of distance of 44 miles, in curvature: of 3900°, 


andi in ascents s of 1500 The adoption of of this route was at first strongly 


opposed. by engineers of other railroads under ‘the Harriman | control, but 

Mr. Hood’s arguments in favor of it were -eonvineing enough to win 
al, and the work was carried out as planned. 

Other important works” for which Mr. Hood was responsible are are 

Dumbarton Cut-Off, “crossing the southerly part: of San ‘Francisco Bay and 

- _ affording rail connection for freight from the East to San Francisco; the 

- second track over the Sierra Nev ada Mountains from Rocklin to Blue Canyon, 

Calif, and fro from Truckee, Calif. to. Sparks, Nev.; the ‘Bay ‘Shore Cut-Of 1 from, 

San Francisco to > San ‘Bruno, Calif., replacing the old heavy gra ide line 

7 between | the same points; and the San Diego and Arizona Railway, connect: 


ing the ‘Imperial Valley San Diego, ‘Calif., which is noteworthy: 


= = 
Wher n Mr. Hood a the service of the Central Pacific in 1867, that 
Company operated 90 miles « of track, from Sacramento, Calif eastward; 


when he retired in 1921, the of the Southern Pacific Company, the 


of the Centra al Pacific Company, was 12 800, extending through 
Oregon, | California, Nevada, Utah, Arizona, New Mexico, Texas, | and Louisi- 
ana, Mexico, nearly all of which was his. 

illiam as in. many respects a remarkable man. Of robust consti- 
tution, physically well fitted to ‘perform the work first won 


for country” most. memory for the characteristics 
of any section ‘through which he had passed. d. It was his habit, when send- 


ing out a party to make a location survey, , to give the engineer in charge 
a minute description of the country to be traversed, the possible | sources of 


water supply, material for ballast, and other | details of interest. Although 


he might not have visited the vicinity for many years, these descriptions were 


found to be accurate and aided materially in expediting the p progress of he 


survey. _He insisted on accuracy field’ work, preliminary 


lines, to be r run n with the same care as the final location. 


a ‘man of intense energy, , working always high pressure and 


for long periods. Age did not diminish his powers, and his mind was as keen 


and active at seventy- -five as that of a man of forty. | Loyalty to his tried a assist 


ants ws as one of his characteristics, and he had always, ev ven when x 
not plentiful, engineering org: anization from which could select 


men best adapted for the work hand. His assistants respected him for 


— ability and for that “reason were glad serve under him, knowing that 


work on. ‘their part would be understood and appreciatec ted, ev 


= Pacific was the completion | of the Lucin Cut- Off across Great Salt. 
Lake in Utah. The old line around the north shore of the lake was, long 
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‘Memoirs. 


for fairness in dealing with con- 


tr ae etors that was instrumental in en: nabling him to have his work done well 
‘and at reasonable cost. ‘ Knowing that they would be treated fairly, the firms 
would often take contracts” at prices fixed by him, trusting him to make 
good any losses incurred by circumstances bey ond their control. i 
Although Mr. Hood v was first, of all an engineer, he was 3 interested 


other things. 


San Fr ranciseo. ‘These outings needed recreation, 
served likewise to. keep him in excellent physical condition. As. with | every- 
thing that he undertook, he made a thorough study of photographie theory 
“and ‘practise and produced ‘superlative pictures, which | he was fond of dis- 
tributing an among ; his friends. “He | was also a a skilled” pianist, and a constant 
attendant at the numerous concerts in his home city. 
In recognition 1 of the important part played by Mr. Hood in the railroad 
development of the Pacific Coast and of his breadth of vision and experi-- 
ence as an engineer, | Dartmouth College, in 1923, the 
degree of Doctor of Science. 
Mr. Hood was married dune times, the last time September 13, 192 3, 
to Mrs. Lucia O. Getzler, who, with a daughter, Mrs. Jessie Wetzel, and two : 
‘sisters, Mrs. Anna M. Hall Mrs. Florence Hood him. 
He was a member of many clubs, | among which were the Pacific Union, — 
Bohemian, Engineers, and Press Clubs of San Francisco, and #1 the J onathan — 
Club of Los ‘Angeles, Calif. He was also a member of the American Rail- z 
way Engineering Association, Society of 


of 1 Pacific, as well as a Fellow of the Amer- = 
stl 


ZAC “ELLIS KNAPP, M. Am. S00. 


ae 


Zac Ell Ellis Knapp was born at Edenton, on ‘September 12, 1867 After 


k receiving his preparator ‘y educ ation, he attended the Colorado State School of m= 
‘Mines. at Golden, Colo., , during the sessions of 1884-85 and 1885- 86, taking the 
first two years’ course in Civil and Mining Engineering. Leaving college, he 


continued his studies at his home i in Grand Rapids, Mich., at 


the same time, in surveying in or near that city. en 
1888, Mr. . Knapp obtained a position as ‘Levelman on a 
‘Survey with the Grand Rapids and Indiana Railroad Company and in 1889 
. serv ed as Transitman on 1 pr reliminary and location work or on the Middle Georgia 


and Atlantic Railroad from” ‘Savannah to Atlanta, Ga. fk From 1890 to 1891 


Memoir compiled from information on file at the Headquarters of the Society. 
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MEMOIR OF ZAC ELLIS 


he held poi of Assistant with Morris and ] Darley, alti at Bris- 
- tol, Tenn, and from 1892 to 1893 he was in the City Engineer’s Office at Grand 


oa 1894, Mr. Knapp went to Chicago, Ul, ¥ where he accepted the position 


of Chief ‘Draftsman in connection with the the North and 
« West Chicago ‘Street Railways, the Lake Street Elevated Railway, the North- 
q western Elevated Railway, the Union Loop, and allied lines. _ Later, he became 
Principal Assistant in charge of _power- -house construction his includ- 


64 


al 

ing the construction of a ‘power- -house for the Northwestern Elevated Rail- | 

way, as well a as alterations to existing power- houses. 


aving - resigned his } position in n Chicago, in 1901, Mr. Knapp became asso- 
ciated with Mr. J ames Chapman. They went to England together, 
Chapman as General Manager and Chief Engineer, and | Mr. Knapp as Assist- 


ant Engineer, for : the Underground Electric Railways Company of London, 


Limited. Their work consisted of the electrification of the Metropolitan Dis- 
trict Railway, ‘the building of three tubes (now the London Electric ‘Rail. 
way), and the ‘design and construction of a power- -house and twenty-three ‘sub- 


stations, as well as ¢ car ‘sheds. Mr. Knapp | was also i in responsible charge o 


design of the steelwork for the passenger stations for the tubes. 
He held this. position nm until 1910 when he became Assistant General Man- 
of the London United Tramways, which. was taken over by the Under- 


‘ground Electric Dein jays Company, with Mr. ‘A. Stanley (now Lord Ash- 
€ field), as General Manager. 4 On July 26, 1911, Mr. Knapp was | appointed 


General Manager of the London United Tra ramways. ‘During his administration, 


he made | many important improvements | in the organization and introdu 


new methods in staff control. i> the early part of 1913, he resigned this 
Position, to ‘return to the ‘Underground Electric Railways Company as — 


the World War, took a leading part in plans for helping 


“the dependents of employees who were enrolled with the military forces. On 


“March 12, 1917, he became affiliated with the Associated Equipment a 


pany, General Manager of the Walthamstow W orks, and was engaged in 


supplying mm munitions in the form a lorries, shells, ete 


ae Ih 1918, he returned to the Underground Electric ‘Railways Company as 
Manager for Maintenance and Construction and, for a short 1 time, as Com: 


mercial Manager. In 1921 Mr. Knapp was a: appointed Director of 


tion in of the engineering work pertaining to the 


of the City and ‘South Railway and the extension that 


Hampstead Tube, the Junction, and ‘other works. held 


< The loss of his wife to whom he was deeply attached, in | June, 1926, together 7 


astened 
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Knapp was in esteem by of the « companies 


and 
ion a He was a member of the Institute of Transport t and of the Pilgri im Society, ; 


was a naturalized British subject. Sistecar 


3 ‘Mr. Knapp was elected : a Member of the American Society of Civil Engi- 
‘neers on December 5, 1906. 


neers on 


ail- LEONARD | METCALF, M. Am. Be 4 


| Metcalf was born at ; Galveston, Tex., on August * 1870, the son 


of J oseph Houghton and Emma Augusta (Leonard) Metcalf. For the greater — 
of his life his home was in Concord, ‘Mass. se He prepared for college in 


the Concord High School. i In 1892 he: was graduated from the Civil Engineer- 


ing Course at the Massachusetts Institute of Technology. During his student — 


_ days he was President of the Civil Engineering Society at the Institute. He = 


an- also a member of the Delta Kappa Epsilon Fraternity. 
Mr. ‘Metcalf. was employed for the three years following his 
by Wheeler and Parks, of Boston, Mass., Civil Engineers” 
ited q _ Operators of of Water Companies. - F or the next two years, he was Professor of 
ion, _ Mathematics and Engineering at the Massachusetts Agr icultural College, and, 
ced in 1897, he began practice in his « own name as a Civ il engineer in Boston. 
this Ih 1907 Mr. Metcalf, with Harrison P. Eddy, M. Am. Soe. ©. E., » formed the : 
iief BO partnership of Metcalf and Eddy to practice hydraulic and sanitary engineer-_ 
which association he maintained for the remainder of his life. 
In the field of municipal water-works he achieved notable: success. His 
ing practice involved the design, _ construction, ‘and operation of water supp 
On systems: in ‘many parts of the country. For years he served as ‘manager of 
public service corporations in the fields of water supply and electric 
i light and power plants. He was “particularly interested in the financial 
problems of water- works ‘and was called upon almost constantly 
as 
i to owners, but adequate : service to consumers. 
| In the field of valuation and rate- making for ‘public utilities his accom- 
wy plishments 9 were of outstanding importance. He was prominent among a small 
the . group of engineers who by their honesty, judgment, and technical knowledge 
el a have greatly influenced present- day conceptions of the factors entering into 
fair value of public utility systems. Going value, depreciation, and price 
we b. es rends were matters upon which Mr. Metcalf brought to bear the logic of his 
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|| ‘Recognition of his Sain -mindedness is shown by the following extract from 


@ report of the Hon. H. M. Wright, “Master in pitinen case se of the Spring Valley 


oY. 


Mr. Me ‘tealf had hz of the preparation of "plaintiff's on its 
technical and general aspec ts, so far as completeness and orderliness of 


_ presentation were concerned. itt might be expected that in such an employ- — 


ment he might imbibe some of the partisan character of the advocate, but 


happily his ‘evidence, and that of Mr. Ellis, who ee like service for 


the city, was quite devoid of any appearance of bias.” 


Another testimonial of this nature is contained in a letter from the Hon. 
ae Charles E. Gurney, Chairman of the Public Utilities Commission of ‘Maine, 


to or one of Mr. Metcalf’s partners, reading in part, t, as follows: 


- ‘Among the emoluments of my present position, to 
than the financial return, are some of the men I have met, whose lives and 
ae ‘hievements inspired my admiration and an endeavor to do my best work 
each day. None of them has impressed me more deeply for qualities of ] 
“character, a manifest integrity and a steadying earnestness of purpose ‘than ‘ 
Mr. ‘Leonard Metcalf of your firm. -_ always felt as he testified before this 
Commission that there was no danger of his stultifying himself by making any a 
- statement in which he himself did not place implicit confidence. I felt that 


he would not exaggerate wantonly and that I could depend upon what he told 3 
me. I do not mean by this that I closed my own mind and accepted his word fF; 
infallible, but I do mean I felt that so far as human error honestly made thy 
might be excluded, Mr. Metealf’s word might be accepted and that he would 


no, sell his opinion to the highest bidder.” 


_ As his reputation in this field became established, Mr. Metcalf’s advice in _ 


eases involving water- works valuation awd frequently ‘sought. 
a the most important of such ‘cases were those of the water- works at San _ 
Calif., Denver, Colo., , Des Moines, » Towa, Indianapolis, Ind., -Pater- a 
(6a, N. J., and Utica, N. Y. Worthy of special mention is the water-rate case 


of the Pennsylvania W ater Company of Wilkinsburg, , Pa. In this case aan 


made a study of the basis of fixing rates for fire hydrant service which has 


been accepted generally ; as the most - significant and authoritative discussion of _ 


matters relating to ‘the of water ‘supply properties. Among his 


clients may be mentioned, the original Boston Finance Commission (1907- -08); 
Dayton, Ohio; East Chicago and Indiana Harbor W ater Company East 


Le Providence Ww ater Company ; Fitchburg, Mass.; Gloversville, N. Y.; Kingston, 


N. Macon, Ga.; Mass., 4 WwW ater Company ; ‘Pennichuek Water 


Works, Nashua, N. H.; ; Nashville, Tenn. ; Pawtucket, R. L.; Peoria, TH, W 
Company ; Plattsburgh, N. wk Portland Water District, , Maine; Kennebec 


WwW ater Di District, ; Rumford and Mexico WwW ater District, Maine; 
Foxcroft Water District, Maine; San _ Antonio Water ‘Supply “Company; 


F Spring Brook Water Supply ‘Company (Wilkes-Barre, Pa.); United Fruit 


Syracuse, N. Y.; San . José, Costa Rica; and many — 
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other “municipalities an and cor ‘During: 1925, he Ww as Consulting 


Few engineers have given themselves so unstintedly t to their 


of Mechanical Engineers ; of the Boston Society of Civil Engineers, , of which | 
he w as Pp resident | in 1919; of the American Water Works Association (Presi- aan 
‘dent, -1916- 17): and of the New England WwW ater Works Association, being 


7 elected President in 1915 and later an Honorary y “Member. He was active in the 


mation of the Affiliated Tec ehnical Societies of Boston directly after the 


His numerous writings ‘Ss on subjects, published i in 
of f the American and New E ngland Water Works Associations, in the Transac- 


> 

tions of the American Society of Civil Engineers, and in the recently issued 

“Manual of American Water-Works Practice”, ‘illustrate his unselfish. desire 


share with o other engineers t the fruits of his study and experience. 


his important contributions | to technical ‘societies are the following: 
the American Society of Civil E ngineers: “ The Antecedents of the 
-Sentie Tank” “The Groined Arch as a Covering @ for Reservoirs and Sand — 
Filters: Its Strength and Vv Tolume” s+ “Water- “Works Valuation: and Fair Rates, 
the Light of the Maine Sup reme ‘ourt Decisions the Waterville 


Brunswick Cases” “The Going alue of Water -W Torks”8 § author with 


John W. Alvord, M. Am. Soe. E. and “ ‘Final of the 
mittee to Formulate ples 


Committee.) 
the WwW ater Works Association: arts of sever: 


n the “Manual of Ww ater Works Practice” (1925) ; “Some unda- 
Considerations in the Determination of the Reasonable Return 


Publie Fire Hydrant Service” (co -author with ‘the late Emil ‘Kuichling 

and W. ¢. ‘Hawley, ‘Members, Soe. ); “Some Practical Checks on 
W orks Depreciation Estimates” ; “Experiences with Ice in § Stand- 
pipes’ ; “The War Burdens of W -W orks”; and ‘The Improved Financial 


or the New England W Vater W orks “Deprecis iation 


4 
Works” “Echo Lake Dam at Milford” ; “Wrought- Tron Cement- -Lined 

>= on Awards for Water and W ater Power Dive ersion” (report | of a 
ee | of which Mr. “Metealf was Secretary). 
\ He was a joint author with Harrison P. Eddy, M. 4 An Soe. # 


volume treatise on “American Sewerage Practice” 


tag volume abridged edition on “ “Sewer rage and “Sewage Disposal” which is 


Transactions, Am. “Soc. C.. E., Vol. XLVI (1901), 
Loc. cit., Vol. LXIV (1909), p. 
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‘MEMOIR OF LEONARD METCALF —_[Memoirs. 
Mr. Metcalf was a loys al active Alumnus of the Institute 
re of Technology. was President of the Alumni Association in 1920 and was 
“3 Term Member of the Corporation of the Institute at the time of his death. © 
Evidence of the high regard in which } he was held by the Institute i is afforded 
by the fact that he offered its Presidency a successor to the Tate 
., Not only | to professional and ‘educational “matters did he give of his time 
and energy, but also to public affairs. He was” a of the Boston 
_ Chamber of Commerce and served on its committees. ie Concord , he ‘was 
for several years Trustee of the Public Library, : and from 1915 to his death, > 
_ he was a member of the Board of Water and Sewer Commissioners, having © 


“When the United States entered the war with Ger many and the Central 
#8 Powers in 1917, Mr. Metcalf was appointed : a member of the Sub-Committee oa 
' Emergency Construction of Buildings and Engineering Structures, under the - 


National Council of Defense. - This Commit ttee assisted Gen. I. W. Littell in ; 
establishing the Construction Division, selecting personnel , preparing forms 


of contract, providing lists of contractors, selecting cantonment sites, and 


awarding contracts for the National Army cantonments ; erected ‘during 1917. 


~The value of the services rendered by these civilian e1 ‘engineers during the 
early days of the war is inestimable. Mr. ‘Metcalf did. his full share in this 


standards de professional honor and high. ¢ energy and 


. He a attacked each new pecblem with keen 
intellectual zest, , clear vision, and sound | judgment. He was always interested 


in the > welfare of his associates and w: was counsel young engi- 


time for recreation. He was fond of Nature, particularly of the mountains of | 


California : and Colorado. In the latter State he had a summer home in» which 
he took | great pride a and pleasure. Walking, fishing, and riding were ‘outdoor 


pastimes which strongly appealed to him. He appreciative of art 


literature. With his vigorous personality here wes combined the charm of a 


_ He was a member of the Union of Boston, Clubs of 


He was to his during her 


- per" to her memory after her death. His loyalty to his two sisters and to 
more distant relatives was one of his marked characteristics. Pe bbe 


a oa During the last months of his life, suffering » from an incurable disease, ee 


faced the pain and the the inevitable e end without and unfaltering 
“ae _ Mr. Metcalf was elected an Associate Member of the American Society of 
Civil Engineers on January 5, 1898, and a Member on September 2, , 1903. , He 
served as a Director of the Society i in 1913 and 1914 and as Vice-President in 
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Emil Newman was born at Frotuna, the Province of -Westmaniand, 
Sweden, on February 11, 1854. His - father was Gustav Ny: ‘mann (the Swedish — 

spelling of Newman) and his mother, Geana Fredericka _(Hesselins) Nymann. 

The family bechuuriapedian in the religious | and professional history of Sweden . One : 
of Mr. Newman’s grandfathers was a “Magister Companius” (Professor), and 
“was one of the early settlers in Pennsylvania. _ There he founded and ai 
in 1646, the Old Swedes’ Church, one of the historic landmarks of ' Phila- 
old house of worship still stands and is used ‘regularly. 
Newman received his education | at the Polytechnic Institute of Orebro, 
"Sweden, fr from which he was graduated with high honors i in 1873. In 1 the same 

year he came to the United States in order to follow his ambitions in the engi- 


heering field. | His professional career may be divided into two parts: The 


years: that he spent in railroad service, and the later. years he was 


te From 1873 to 1880, he was connected with the Engineering Corps of a 


‘Wisconsin Valley Railroad Company, in the capacity of Chainman, Transit- 
‘man, and, later, in charge of a Division, consisting of 74 ‘miles of main n line, 


and several miles of sidings. . He then became Assistant Engineer, and was: 


- Placed 3 in charge of ‘maintenance of track, bridges, and building, and, later, 


« Locating and Construction Engineer, he was in charge of line extensions. — 7 
ee From 1880 to 1883, Mr. Newman was with the Chicago, Milwaukee and 
St. Paul Railroad Company as Assistant Engineer in charge 0 of f railroad ex exten- .. 


FALE 


8 sions and Engineer i in charge of road maintenance and reconstruction on the 
Wisconsin Valley Division. 1883 and 1884, he was General Roadmaster 


_for th the Canadian Pacific | Railroad Company, i in charge of t track from Wi in- 
nipeg, Man., to Port Arthur, Ont. » and : from Winnipeg to Emerson, Man. | 


| During this period, he was in charg ge of the reconstruction of 300 miles of line | 
> from Rat ‘Portage to Port Arthur, and also the building of grain elevator 


fo oundations and docks at Port From 1884 to 1886, he ‘was Resident 
Engineer of the Chicago, Burlington, Northern Railway, Company 


1 


fi, He continued his s railroad work until 1 1887, when a ‘rapid a advancement was A 
interrupted by the necessity of moving to California on account of the health a 


of his only daughter, Tris. went directly to Riverside, Calif., and from 
9 1887 to 1888 he shad charge of the construction of the main sewer and main aa 


hes _ From 1888 to 1896, Mr. Newman was employed as Manager of th the — 
Bank aad Pioneer Land ‘Company at Porterville, Calif., ‘during which time 


ye 


he built sewage works, water- works, and | an electric: light plant, and was 


actively engaged i in various phases of municipal and hydraulic engineering. — ‘ : 


Memoir 
5145) prepared b ld K. Fox, Assoc. M. Am. Soc. C. E., and George L. Swendsen, 


| MEMOIR OF EMIL NEWMAN 667 
- 
= 
i 
5 
= 
7 
f 
» 
| 
i 
| 


[Memoirs. 


a 


He was also engaged, a’ ra short time, in prospecting for gold iia ia! 

California, but ev vidently found this field of endeavor to be more romantic 
than profitable” for, in 1897, he again turned to railroad engineering, and 
until 1900 ater Engineer for the Atchison, Topeka and Santa Fé 


Coast Lines, and from 1900 to. 1903, ‘Construction and Locating sac for 


Mr. Newman entered ¢ the | > employ, of ‘the Joaquin: Light Power 
Corporation in n 1907. Previous to that time he had done considerable hydro. 


electric work for he Pacifie Light | and Power Corporation, having been in 


Seven 
; 1908 Assistant Engineer for this Company in full charge of the construction ee 
of a 1500-h. . plant i in Santa Ana ‘Canyon, California. His first assignment 
Barth 
th the San Joaquin Light and Power Corporation ‘was a survey of t the bss u 
, 


letion, he took charge of. additions and reinforcements to the rock- fill dam 


pep In 1912 and 1 1913, he had charge of building part of the road into what 
now known as as the ‘Big Creek Project of the Southern California Edison 


after which he w was connected with ‘the: engineering on the 


wi 
3 osemite Valley Railroad fr om Fresno to Wawona, Calif. — After its” com- 


enter 


dite h, flumes, ward tunnels. T he p power- “house had a capacity ‘of about 1 000 kw. i B 


as the 1 Power which ‘Willies a head of of 30 ft. between 
the conduit and forebay of the No. 1 Plan with 


ee In April, 1 1921, Mr. Newman made a trip ‘to the Scandinavi ian ‘countries, — 


spending several notable hydro-el electric plants i in Sweden and 


Norway, and making» comparative studies between foreign methods and 


was 
of the United States. . WwW hile in Sweden, in addition to the tee of being GO 
with his two sisters whom he had not seen in many years, he also renewed — . 
_ the acquaintance of three old classmates from a class of eleven that was oe a Rai 
uated forty-eight years prior to their reunion. 
1923 he was appointed Consulting Engineer for r the S san Joaquin 
: mer 
an d Power Corporation and served in this capacity until his death. 
all 


on January 8, 1921 is survived by his daughter, Tris, of Calif... _ and 


two | sisters, Maya and Augusta Nymann, who 1 reside i in Sweden. 


; 3 > In the passing of Emil Newman, the Engineering Profession has sustained 


i On May 10, 187 8, Mr. Newman was married to Lula 7. Woodley, ‘who d died he 


Di 
a great loss. ‘His: wonderful vision, » high ideals, absolute integrity and loyalty, 


his excellent. judgment and fair- -mindedness, together with a deep sense of 


are among the many, admirable characteristics which engender« the 
and admiration of an exceptionally large circle of friends. 


was a member of the Fresno Chapter of American Association of 


is Engineers, and ‘this | org vanization is com pleting plans for the erection: of 


bronze tablet at some point on the San Joaquin River, in the mountains he — 
knew so well, to commemorate his life and achiev ements as an engineer. 


Mr Newman was elected a Member of the: American Socie ety of Civil ote 
‘neers on January 4,1905. 
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“MEMOIR OF NORTON LONGSTRETH TAYL OR 


“NORTON: LONGSTRETH ‘TAYLOR, M.A Am. 


Nort rt s Tay was born 
in Pl Philad Iphia, Pa., on February 10, 1861. His earliest known ancestor in . 
America was Scattergood, who came this country early the 
Seventeenth Century from England. mother was Elizabeth Longstreth, 
of the fifth ‘h generation of the ne family in this is country, the first of whom was 
Bartholomew Longstreth who emigrated fr ‘om Yorkshire, England, in 1699. boss 
oe Mr. ‘Taylor 1 received his er ngineering training by being in actual contact 
‘therewith from his early manhood and by close application to_ the of 
mathematics, and particularly to the science of | civ il engineering. — ena 
4 In his youth he attended the Friends’ “School and, later, the ‘University 
of Pennsylvania for one year, after which he served an_ apprenticeship with 
“the Baldwin Locomotive Works from June, 1879, to February, 1881. He then 
“entered railroad work with the Texas- Mexican Railway Company, as ne, 
Topographer, ‘and Levelman until March, 1882. 
Between March and September, 1882, he finished his machinist -apprentice- 
“ship with the Baldwin Locomotive Works and in October, he pecans the 
of the Pennsylvania R ailroad Company as a a Draftsman. He continued 
with this Company on various office and field” works, until September, | 1890, 
and during the last four four years of this period he rae" as Assistant of Main- 
hile an employee of the Pennsylv ania Railr oad Mr. Taylor 
was Inspector on three large stone masonry arches, and Assistant Engineer — 
on 1 the > construction on on three miles « of track of the. Morris River Branch and 
eleven miles of track, with pile trestle and large | wharf, on ‘the W est Jersey - 
Railroad | Branch. — He ran 800 miles of precise ievele over the lines of the | 
Pennsylvania Railroad “Company achieving remarkable accuracy in his instru- 
“ment work. He was also identified with the | construction of the 100 000-ton 
“coal stocking plant at South Amboy, | . & the re- -building of Pier No. 4 in 
the ‘same place, af Becks Run and Streets Run Viaducts 
‘on the Monongahela Division, the rev ision of one n mile of line on the Maryland | 
‘oa Mr. ‘Taylor gave up ‘railroad work in 1890 to better himself financially, 
joining the Tacoma Light ‘and Water ‘Company Assistant Engineer on 
Surveys, ‘plans, and estimates for a proposed gravity water system for the 
of ‘Tacoma, Wash. He was ‘retained on this work ‘until ‘April, 1801. 
_ From this date until January, 1893, he was engaged in private practice on 
mining and water- ~power projects, surveys, ete. In January, , 1893, he began 
as Computer and Draftsman the geographical location of harbor 
ae and tide land areas for the State of Washington, on which he continued 


‘as * Memoir | by Ww. A. 
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From March, 1895, to September, 1897, he was employed by ‘the a 


"Pacific Railway Company as Transitman, Draftsman, and, also, in charge of 
field work on the revision of alignment grade in Montana. During the 
period from September, 1897, to April, 1898, he held the position of Chief § Allis 
= ant Engineer of the Chilkoot Railway and Transport. Company on the pees 
survey and construetion of an aerial tramway over ( Chilkoot Pass. 
April, 1898, Mr. Taylor was appointed City Engineer of Tacoma. gine 
During his tenure | of office he built ‘the first stave pipe 1904 
Tacoma, designed and d built a 4 4500 000- gal. reservoir, made about 45 miles 
of trunk and lateral sewer extensions, : and improved many districts by | grading, , veo 
P paving, , and sidewalks . He retired from office in ‘January, 1904, but was again i ait. 


during which t time he designed many improvements in the water and “sewer 


retained as Assistant City Engineer from August, “1904, to March, 1907, 
systems. _ ‘From April, 1907, to July, 1 1908, he served as Chief I Engineer for 


the Park District of Tacoma, laying ‘out a boulevard system, 
20 miles in length, 5 miles of which were constructed during | 
From August , 1908, until January, 1926, Mr. Taylor was 
in the of the City of Tacoma. Until June, Hig 


“years as Senior Engineer, ‘collecting data and preparing maps ind: estimates 


in reference to different power sites available to the City of Tacoma. 
then carried on the preliminary i investigations in reference to the Lake Cush- 7 
man power site, and his untiring work in this connection ar and devotion to his — 


7 Mr Taylor’s Ss advice’ was very largely ‘instrumental in convincing the city 
officials of Tacoma of the ‘practical potential possibilities of rai 
the Lake Cushman power development in | preference to others that were 
‘sidered at that time. | During the actual developm ent work of the project, Mr. 
Taylor held the position of Superintendent of Surveys, until January, 1926. of 
. He then went on leave of absence to Glendale, Calif. , to recuperate his rapidly 5 


7 a failing health, where, after an operation from which he x neve er recovered, he 


es Mr. Taylor was a gentleman of the quiet, modest typ pe, 2, whom < one could only a 


aw 


~ learn to appreciate by yea years of | ‘contact . Those who loved him most were e the fF Co 
ones who had known him 1 longest. His utter unselfishness, ‘sincerity of pur- 


pose, and the e philosophica al v that he applied to every problem made 

his advice and counsel always weleome to his associates. 3 In his work, he was 
4 thorough and untiring, with an infinite patience in attention to details, always 
5 a giving unsparingly of himself to o his professional « duties. which, no , doubt, w was 
- the chief cause of undermining his rugged vitality and hastening his untimely 


Mr. Taylor a great of music and a devout student of 
and Masonry. . These characteristics, together with his charming 
made his loss. who were closely associated 
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"Memoirs. J =, 4 OF EDWIN HOWARD ‘THOMES 
with him. He was was a Thirty- -second Degree ‘Mason, a member of Lebanon 7 
No. 104, was elected to the S ‘Seottish Rite Bodies on November 15, 


was married to Ora B. Tones of Evansville, Ind. Two. daughters, 


Allison and Phyllis, were 


Taylor v was elected a Member of the American Society of 
"gineers on February 4, 1891, but resigned his membership on ‘December 31, 


1904. He was elected a 28, 1923. 


Edwin Thomes was born April 5, 1875, in Rowayton, Conn., 
son son of Charles F. and Mary (Godfrey) -Thomes. He was a 


of Charles Chauncey, s second President, of Harvard vard University from 1654 


Following his education in the public schools, Mr. Thomes attended the 
High School at South Norwalk, (Conn. 1894 he received the degree 
Bachelor 0 of Philosophy at Yale University, and i in 1895 that of Civil Engineer a 
- from Columbia. University. Hes was a member of the Phi sean Theta Frater- 
Thomes served as Assistant | Engineer wits the New York State Engi- 
Surveyor’s : Department on on canal construction from 1 February, 1896, 
— to September, 1898, in charge of 7 miles of Erie Canal improvement, the cost aan 
of which was about $400 000. This work included the construction of a new | 
steel highway bridge, a ‘conerete steel culverts, underpinning and and 
September, 1898, 1899, he engaged i in private e practice 
| «Syr racuse, N. Y., and made the st surveys for and designed the sewerage system 
of ‘Weedsport, He was associated with Belden and Seely, Contractors, 
on the construction of an electric. railway from Albany to to Hudson, N. Y., in 
June to Septem ber, 1899, Mr. _Thomes was in charge of the surveys 
for ‘and the location | of 30 miles of an clectrie railway for the Houghton 
¥ County (Michigan) Railroad Company ; and from September, 1899, to May. 
1900, he was. with the United States Corps of Engineers, under Col. 
‘Ss. in charge of various ‘surveys, deep borings, etc., , including» 
plans and estimates for extending the navigation of the Passaic River to 
Paterson, N. by canal , locks, ete. Mr Thomes w was also in charge 
of dredging rock ‘removal in the Passaic ‘River and Raritan Bay, New 
1900, to October, 1904, with the Rapid | Transit 


= by Herman K. M. Am. Soe. Cc. 
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MEMOIR OF JULIUS HERMAN GEORGE WOLF 


- fla work a and part of the time in 1 charge of the a, From October, 1904, "struc 
to August, 1905, he served in the Topographical Bureau, Borough of Queens, 


New York, N. charge of various surveys, monumenting, 
° ete., and from August, 1905, tol his death on October 29, 1926, in the Bureau 
of Highways i in charge of ‘surveys, plans, specifications, estimates, investi- 
reports, ete., and the construction of pavements, sidewalks, highway 

bridges, and culverts. To all these duties Mr. _Thomes devoted his utmost — 


se ec! 


energies; no work was too difficult or. too laborious. had a a faculty: for 

solving the most difficult | problems which many others: could not seem to 

He was well liked by the men with whom he was associated and was 

sidered” an authority on all matters pertaining to highway construction. 

appointed | by the late Mayor Gaynor, of New York, to the city and. 

Mr. Thomes was member the Municipal 1 Engineers of City “fom 
New York and the “American: Road Builders Associ 


ation. ‘He w “was also a meas 
“member a nd Treasurer of the Jamaica Club, Jamaica, N. in which 


men 

a most activ interest, as welll as | a veteran of the ar Fireman's 

& He was a member of Jamaica Lodge No. 546, F. anil A. M., and of Central i » 


City Commandery, Knights ' Templars, of Syracuse, N. Y. 


‘i - i He is survived by his widow, Mrs. Cora (Lake) Thomes, t to whom he was 


married in 1900, by a a daughter, Mire. Wilma (Thomes) Holt, , and by ya grand- 


fee) Mr. Thomes was elected ee Member of the American Society of 
“a Civil Engineers on December 6, 1899, and ; a Member un | December 5 5, 1911. » - 


SULTUS HERMAN GEORGE WOLF, M. Am 

inks Diep DecemBer 19, 1925 


Julius Herman George Wo olf, was in Edwardsville, on January 6 6, 
1874 . He Ww as the son of Otto and Elizabeth (Feisler) Wolf, ‘the eldest of 


6, 


ta eight children. . At the age of 15, he entered the University of Delaware from ; 
= which he received the degrees of f Bachelor of Civil Engineering in 1893 3 and 1 


Civil Engineer i in 1896. He later ‘completed his technical education at the 


- 


MM Mr. Wolf’s earliest engineering experience was as a Construction Super 


a intendent for an architect on the construction of cold storage” plants and 
01 Cincinnati , Ohio, Buffalo, N. and Lawrence, 


- breweries in Boston, -Mass., 

: “Mass. . In 1896, he entered the ser vice of the Metropolitan W ater Board dof 
where he served as ‘Inspec tor o on the construction of the W rachusett 


Corps and for seven years servec n the con-— 
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struction of coast defense fortifications: in San ki ‘ranciseo Harbor and, in 


was 
“connected Ww ith mining | in Nevada and California, In 1909 he 


tary of the in 1914 to direct the inv 


the character and extent of oil lands withdrawn from entry. n 1916, he was — 
| appointed Consulting Engineer t to the United States. Navy i in | connection with > 


- the inv investigation of the petroleum reserves of the Na avy and the r ecovery | of oil — a 
lands in the Valley Fields of California. 


 *#F ollowing the completion of the Government litigation in the oil fields, — 
‘a the passage of the e Income Tax Act of 1918, Mr. Wolf carried on a ia 
ing practice, principally in the appraisal of oil properties for income tax 7 
— His engagements: were Ww ith the principal oil companies of Cali- 
fornia; and intimate knowledge of the geology of the: California 
"measures ‘and all phases of the oil industry, supported by a very retentive 
_ memory, made him one of the best informed men on the subject in the “pro- “ 


- fession. At the time of his death, in addition to his consulting practice, he Pe 7 


Managing Director of the Exploration Oil Company. 
Wolf. was married on April 3 1907, to Blanche Cushman. He is 


survived by his widow, two sons, W ilsey_ and Norm: man Cushman and one, 
daughter, Charlotte Cushman Wolf. ‘His death occurred ve suddenly on 
December 19, 1925, due to cerebral hemorrhage. 
_ He was a member of the American. Institute of Mining and Metallurgical — 
Engineers, the American Petroleum Institute, and the Engineers Club pet 
San F Francisco He! had a large circle of friends and was regarded very highly, © 
not only because of his sterling character and ‘genial “personality, but also 


because of his ability i in his p profession. i. 


be Mr. Wolf was elected an Associate Member of the American Society of 
“Civil Engineers on May 7 i, 1902, and a 1 Member ¢ on April 5, 1904. He was 7 
Also 2 a Member of Section of the Society. 


BETTES, Assoc. M. Am. Soc. C. E 


ik, Richard Stockwell Bettes, the son of Stockwell an | Ellen (Cady) Bettes, 
Was born i in Springfield, Mass., i on October 5 2, 1886. He was prepared for « college 


in the public schools of that city, and received his technical education at 
Woreester ‘Polytechnic Institute, Worcester. Mass, _whi ch h was 


an n early tra aining his father, also Civil Engineer, whose 


guidance advice ga gave > him a thorough foundation for his” life’ work. 


x 
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MEMOIR OF RICHARD STOC KWELL BETT TES t emoirs, 
Daring summer vacations from 1907 to 1909 he worked as Instrumentman 


surveys for G. N. Merrill and Company, of Springfield. 
ollowing his graduation, in 1910, Mr. Bettes_ was employed 


tural” Draftsman in the Engineering Department of the American Bridge 


“aa From 1911 to 1913, he was with the Canal Commission, on the con- 
_ struction of the ‘Panama C Canal, as Chief of Party on general surveys in the | 
vicinity of Gatun Lake, and especially the detailed surveying, including 

and grades and laying out of work required for the « construction of the Gatun 


Dam and Spillway. _ The two years spent in Panama, during which the very 
‘impor ‘tant and highly interesting construction of Gatun Dam and Gatun Locks 


was finished, ¢ gave ] Mr. Bettes an experience in engineering as applied to con- 


struction that was of great value. Ty 


From 1913 to 1915, he “was employed p part of the time as Mechani 


Draftsman. by the Toronto Power Company, Niagara Falls, Ont., Canada, on 


hydro- electric power development later, as ‘Designing Draftsman for 


~ Cement Company, of Northampton, Pa., on the design of reinforced concrete 


From April, 1915, to. February, 1916, Mr. Bettes served as Construction 
Engineer for the Pennsylvania Trojan Powder Company, of Allentown , Pe 
in charge of the construction of nitric acid, ammonium nitrate, and sulphuric 
acid ‘plants. From February t to July, 1916, he \ was ‘Designing Draftsman for 
the American Zine Company, } of Mascot, Tenn., on plant ‘and equipment in 
connection with a lime disposal plant, and from September | to December, 1916, 
he was Assistant for the Raymond Conerete Pile Company, of 
N ew York, N. Y., on the pile foundations of a building erected for the General 


in the American in ‘Company A, ‘29th 
Engineers, Army. As this experience undermined his health, he was 
“sent to the U.S. Government Hospital, at Fort Bayard, N. Mex., ‘where, how 


ever, he had charge of the erection of four hospital dormitories. - He: received 
his discharge from the Army and the hospital in December, 1918. 
_ Ing Jun une, 1919, Mr. Bettes entered the employ of the Strathmore Paper — 


‘Company, at Mittineague,  Mass., as Draftsman o on general engineering wor 
surveys to mechanical design, and also as’ Resident Engineer at its 
_ power | plant, at Woronoco, Mass. » Supervising the construction of two 150 000- 


4 
‘ha 
4 gal., cylindrical, reinforced concrete, fuel « oil tanks, , the design and constr uction 


“ of an oil. pump house and several houses for employees. - In December, 1920, 
he resigned, due to the completion of the construction work. _ During 1921 and 


1922 he was engaged i in miscellaneous engineering other work, including 


t 


- = position as Draftsman with the Fisk Rubber Company, at Chicopee Falls, 7 


. _ November, 1922, Mr. Bettes returned to the Strathmore Paper Company = 
s Supervising Engineer, both on plans and construction of a new three- -arch, | 
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reinfor ced concrete highway bridge, 300 ft. across the Westfield River at 
Mass., representing both t the Strathmore Paper Company ‘and the 
Town of Russell, Mass., which were re jointly interested in this project. The on q 
-ore having been practically completed in March, 1924, he was engaged in 
general engineering work for the Company “until he resigned in the fall of 


igi From 1925 until his death, he served as Assistant Resident Engineer for _ 


the Massachusetts Mutual Life Insurance Company on its new buildings ee 


ink 


Springfield, 1 “Mass., n charge of the a accounting and detailed inspection of all 
work performed by the construction forces. The ‘project consisted of a main 
office building, 400 ft. long | by 300 ft. wide, four stories high, with 


E to the ninth floor, the exterior being of face brick and limestone t trim, as well 


as an auxiliary building containing store house, power house, and garage, Pr, 


60 ft. by 200 ft., two stories high, covering 22 2 acres, which was made into lawns, — 
shrubbery, and tennis courts. This complete development involved an invest- 


all who worked or were with him. n. His death 
has removed one who was distinctly a credit to his profession. hi 


He was especially devoted to his home and family a took great 
"keen and ser. ious and a large of 


aoe Mass., | and the First Church of Longmeadow, Mass. He v was also 


of the Engineering Society of Western Massachusetts ts and 


Ps Hes was married o on October 8, 1920, to Elfrida_ M Johnson, of ‘Holden, 


Mass., a niece of the Phelps Johnson, M. Am. Soc. C. E. Besides 
widow, he leaves two children, Clara Ellen and Richard Stockwell. He also _ 
leaves a sister, Mrs. Everett E. ‘Thompson, , of Springfield, Mass. “At the time 
of his death he was a resident of Longmeadow, Mass. Yami Soe a faim. 


Mr. Bettes was elected an Associate Member of the American Society of 
ivil il Engineers on September 12,1921. 


_ CLARENCE STEPHENS GALE, Assoc. M. Am. Soc. Be 


Pore Juty 8, 1926. 


Clarence Stephens Gale, the ‘son William R. and J 
Gale, was born | vem 


orn on | November 1885, in Kent County, Maryland. His early, 


education was acquired in n the public schools of Kent. County and eet 7 
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MEMOIR ¢ OF HAROL D CH ANDOS LY 


ae ™ 1906 Mr. Gale —— the employ of the City of Baltimore as Assistant 
q he Engineer. _ Subsequently, he assumed the duties of Resident Engineer for the 


Maryland State Highway Commission, and advanced rapidly under W. W. 
_ Crosby , and H. G. Shirley, Members, Am. Soe. C. E. At the time » of Mr. Gale’s 


a resignation he was holding one . of the most responsible positions in the Depart- _ 
i ‘ment as a result of his: ambitious nature and close attention ee | 


r resigned from the State Highway Commission to assum ne the | duties of Engi- # 
4 neer for the Portland Cement Association, a position which he held with great 4 


credit. _ During the World War he had charge of road construction at Camp — 


Mr. Gale resigned from the Portland Cement Associ ation to become Con- 
struction Engineer of the Delaware Highway Department, and held this } posi- 
tion with his usual efficiency until | he resigned to become Engineer- Super- 


‘intendent of the Fisher- Carozza | Company, of Baltimore. W ith | this firm, he 


made : an excellent record for completion of work under the adverse conditions 
existing during the war period. 


1920, Mr. Gale became associated with ‘the Highway E ngineering and 


ans 
Construction Company of Delaw aware, and the ma manny millions of dollars worth — 
of that he completed are a a tribute to his executive ability. During this 


‘period, he « evolved several labor- “saving devices and became leader among 
large highway contractors in the amount of work completed. 5 He made many 


records of progress that as yet have been unexcelled. 


_ Later, he accepted a position as Engineer- ‘Superintendent for the North * 


Carolina” State Highway “Commission on special and difficult work. This” 


by 


appointment was made on account of his’ exceptionally fine record speed 
and economy. He had resigned a few days prior to his death to accept ‘the 


“ - Position of Engineer- Superintendent for the large highway contracts of f James aa 


orth, Incorporated. He died on July 3, 1926, after a brief illness. 


excellent record stands out as of the : man gave his 


honor the memory one who gave his t 
to his work, his friends, an and his family. 


Griffith, of Bestia; Ma, is by hie’ wife one 


Mr. Gale was elected a: an - Associate Member of the: American Society 


“Civil Engineers on June 11, 1917. 


AROLD CHANDOS LYONS, Assoc. M. Am. Soc. 


& Harold Chandos Lyons" was born | in New York, N. Y. January 7, 1883, 


the son of Wallace Foster and Clara Louise (Cornw ell) Lyons. was edu- 


4 
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Mr. Lyons his engineering work in 1904, he served as Chain- 
man. and Instrumentman of the Pennsylvania | East Riv er ‘Tunnel , in New 
‘Y ork. | ‘From 1907 to 1909, he was Engineer in ‘Charge and Superintendent 
of Construction of four real estate developments- — Queens ‘County, Terminal — 


Heights, Elmhurst and Kissena Park. In he ‘Superin- 


built by, the, Russell ‘Sage included buildings, roads, 
sewers, 1 w vater- -works, Jandscaping, a and various other kinds of work involved 


“engs aged in investigating and recording methods and | costs of engineering and © 

Until the entrance United States into the World Jar, he was 
engaged in the Contracting and Engineering Professions, in the firms: of 


Lyons and Doyle, Incorpo orated, and Page and Lyons. He considered 


authority on building « construction economics. 


Lyons entered the Army shortly after the war by the 
United States, and was a First Lieutenant in the the Engineer Section of the — 


~ Officers’ Reserve Corps. In November, 1917, he went overseas with the 20th 
Engineers, and was engaged in various branches of engineering work in 
rance. He was to the r rank of Captain i in 1 August, 1918. For excep- 


from General 1919, he was was to the United 
States and was placed on temporary duty in in the Office of the Chief of Engi- — 


neers, later being honorably discharged from his temporary commission. — 
ig 

‘ a From 1919 to 1920, Captain Lyons served as Senior Highway Engineer 

y of the Bureau of Public Roads, United States Department of Agriculture. On 


 Suly 1,1 1, 1920, he was commissioned a Captain, Corps of Engineers, U.S. Army, 
‘and was stationed a at Posts in Texas and 1 Virginia until September, 1922, when 


tion of ¢ of that course, he was on eta as Topographical Officer ok Camp Meade, 
Maryland, and, later, was, detailed as . Assistant Professor of Military Science 
Tactics at the Carnegie ‘Tnstitute of Technology, Pittsburgh, Pa., which 


Position he held until his death. 


death of Captain Lyons came asa distinet shock to his many friends 


assoc iates in his: work, He i is “recalled most pleasantly by all those who 


nis 
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"7 cated in the public schools of New York, later attending Phillips Academy og 
be at Andover, Mass. From Andover he went to Princeton University in 1901, 7 i ; 
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: death, which occurred at the ‘Walter Reed General Hospital, Washingt: 


— 
in He wv will always | be remembered with the highest esteem, not only for his — 
“unusual ability in the field of engineering and his gallantry rmy 


as an “Army 
leader, but for - those rare personal qualities which charmed all who knew him. 


. op “he following quotation from the Carnegie | School paper s shows the position 
a _ which he held i in ‘the hearts ¢ and minds 0 of those with whom he worked = 
‘of those few individuals possessing a personali 
aptain Wyo! ons “was 0 one of those ew in 1v1 ua Ss ‘possessing a persona ity, 
‘Ga, and ideals that compel the deep admiration of all who come in 
contact with him. — . Because of his unceasing efforts, the standards of the Re- 
“serve Officers’ T raining Corps at Carnegie have been raised _ immeasurably.” 
He was married to Esther Gibson, of Mr. and James Gordon 
Gibson, of San Antonio, Tex., in 1922. Captain Lyons is survived by his 
widow and two nieces, Mrs. Blackburn, ‘of India, a 
‘member of several ‘organizations, he was active i in all was 
a member of the | Army and Navy Clubs of New York and Washington; the 
Society of American ‘Military Engineers; ; the Engineers’ Society of Western 
Pennsylvania ; American Legion Liberty Post; Veterans of Foreign” 
Americus” Lodge No. 535, and A. M., New York; Mosque, 


A. A. (0. N. M. S., Pittsburgh; the Sojourners’ Club; “Acacia Fraternity, and 


4 arnegie Che 
the e Scabbard and B Blade, Carneg ie Chapter. He was a greatly respected 


‘Captain Lyons was elected an Associate Member of the Society 


me 
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